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FINAL TEOINICAI. ROPORT 
The Role of Copnitive Style in the Lenrninn of Mathematics 

Much of the research on instruction in mathematics has tried to prove 
that one kind of instruction is superior to another for all students.' Such 
research generally has nat been very conclusive. » Rather than hypothesizing 
the superiority of a single treatment for all students, we believe that 
different students will do best in different types of instruction, depending 
on each student's characteristics. The problem of matching instructional 
treatments with student characteristics so as iro maximize learning has come 
to be called the Aptitude-Treatment-Interaction (ATI) hypothesis. For a 
sample graph of an ATI, see Figure 11' As the figure indicates, a student 
with a high aptitude -^core .seems to learn more in treatment 2, while low- 
aptitude students do better in treatment 1. 



Treatment 2 




Aptitude Score 

Figure 1. An example of regression lines that show an 
Aptitude-Treatment Interaction 

/ 
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ATI research, penorally viewed as an outf.rowth of the work of Cronbnch 
(19S7), has turned out to bo .somewhat more difficult than was first antici- 

pated» The initial choices for aptitude variable^ frequently turned out to 

\ 
\ 

be inappropriate and' unproductive . Also, it is difficult to produce treat- 

. ■ \ 

ments that are about equally effective, and still distinct enough to pro- 
duce different results with different students. Nevertheless, Cronbach and 
Snow (1977), in their comprehensive review of the field, confirm the existence 
of ATI in a variety of settings, and conclude that "ATI has come of af^e" 
(P^ 524). 

Previous Research & 



Our ATI research program at San Diego State began by looking at treatment 
differences that are important in mathematics, especially dimensions of , 
instruction that are related to discovery learning. Then we identified 
individual difference variables that seemed likely to predict differences 
in achievement in discovery or 'expository treatments. ' In our search for 
relevant aptitude variables, we tried to select only thos6 that had a strong 
theoretical foundation. So far we feel that this approach has been quite 
successful . " ' , 

We began by considering Witkin's work on field independence. This 
dimension of cognitive style has been the focus of a large number of research 
studies for 30 years, but its implications ani just now becoming more widely 
known (Witkin, Moore, Goodenough, 5 Cox^ 1977). In the l^^^^rtst revision of 
the theory, Witkin„ and Goodenough (Note 1) characterize field independence 
as '^autonomy of external referents.*^ This autonomy is expressed in terms 



of two different typos of ability, restructuriuR and interpersonal com- 
petencies. Ficld-indopendent students have greater personal autonomy, and 
they tend to do better in cognitive restructuring tasks, especially tho?^ 

■"that require disemhedding a particular fig^ure from the surrounding field, 

I.' 

However, this autonomy in field-independent students seems to hamper the 
development of intorpersonnal comtjetencies and. social skills. Field-dependent 
students, while they are less autonomous and weaker in cognitive restructuring 
appear to be stronger in the area of interpersonal comf>etencies , 

Differences in abilities and preferences between field-independent and 
field-dependent students are related to. at leas|: some aspects of 'discover)' 
learning in mathematics. In our first study, for example, we found a signi- 
ficant disordinal interaction between field independence and the level of 
guidance of mathematics instruction (McLeod, Carpenter, McComack, ^ 
Skvarcius, 1978). As predicted by the theory, fi^d-independent students 
did significantly better when the treatment provided minimal guidance, while * 
field-dependent students seemed to learn best under conditions of maximal 
guidance. This result was confirmed in a later study using similar mf^terials 
and procedures (McLeod 5 Adams, in press-b). 

In another study, we investigated the relationship of field independence* 
to a different dimension o£ discovery" leaming--the use of inductive and 
deductive, sequences of instruction (McLeod § Briggs, in press). In this 
case we found an interaction between field independence and the sequence of 
instruction ofn only one of four dependent variables. Since the treatments 
used programmed materials (on the topic of equivalence relations) , al 1 
students received a high level of guidance^ which appeared to reduce the 
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intornction with field indepondonco thnt w« wore ox,,ocr.inR. Howevor.' thore 
was a distinct pattern of interactions between the .treatments and Renor^l 
roasoninB ability. Tlieso interactions were in the same direction as that' 
found by Eastman and Carry (1975). It is difficult to know at this point 
whether those interactions can, really he attributed to general roasonin,; 
ability, or if they are the result of other variables like crystallized 
intelligence (Cattell. 1971) or differences in informatioYi processinR 
strategies (Snow. Note 2). But t He results 'of our first three ATI studies 
were certainly encouraging, and further research seemed appropriate. 

o 

Studies .Conducted Under Hrant tfsnn77-185 31 
During the period of the grant we continued to' 'investigate the^ relation- 
ship of individual differences among college m/ithenatics students to discovery 
and expository instruction. IVc also searched for interactions" with Persona^zed 
5ystems of Instn^ction (PSI). and conducted a number of e^fploratorv and pilot 
studies. The main studies will be summarized briefly here; for a complete 
report of ^ach study, 'see Appendices A through F. The investigations deal- 
ing with the relationship of individual differences to discovpy and expository 
instruction will be discussed first. 

Main Studies on Discovery Learning ' 

The studies conducted under this grant concentrated on the relationship 
of field-dependence-independence and general reasoning ability to treatments 
that varied in dimensions of discovery learning. These studies were all 
preceded by pilot testing of the treatments and achievement tests, and 

- . • 8 



nppropriato revisions of thos(5 mntorlals. In nlT studios, atiulontwS who 
wore enrollod in a col lope mathomntics course wore randomly assinnod to 
two treatment groups, -^The treatments were conducted durlnp regular class 
time. Dependent Y^^riablos genornlly included measures of immediate achiovo- 
ment and .retention,. Data were analyzed throup^h the use of multiple re- 
Rression techniques. . 

The, first study to be discussed is "Aptitude-treatment Interactions in 
Mathematics Instrudtion Using Calculators') (see McLeod 5 Adams, Note 3, which 
is attached as Appendix A). In this study^students were assessed on field 
independence and general reasoning, and randomly assigned to either dis- • 
covery or expository instruction, The discovery treatment used an inductive 
Sequftncq of instruction and ^provided as- little guidance for the students as 
was feasible; c'alculatbrs were also provided to help students discover con- 
cepts; and rules independently. The expository treatment used a deductive se- 
quence of instruction and provided maximal guidance for the students; this 
treatment was designed so that calculators were iiot needed. The topic of 
instruction involved'^errors in measurement and calculations with approximate 
data. 

The hypothesis tested in this study was that both field independence 
and general • reasoning would interact with the treatments, and that these 
interactions would be in opposite rections, as they were in the study by 
McLeod and Briggs (in press). The results confirmed only part of this 
hypothesis. There was an interaction with general reasoning, and it was 
in the predictetl direction. Students with high scores in general reasoning, 
did better in the deductive expository treatment than in the inductive dis- 



covory trentmont ;, Tor atudonts with low acoros in «flnoral ronaonin'R, th«» 
situation was rovor.'iod (soo Fijuiro 1 in A-ppondtx A), producinR tho ilosirod 
disonlinal interaction. Thoro wore no intornctiona with field indopondonco 
probably bocauso tho troatmonts provided a hinlvor level of Ruidanco than 
was originally intended. 

Throe other studlos\all ustul different versions of n unit on networks 
as tlie topic of instruction. Tlio first of these studies. 'The Interaction 
of Fiold-dependonce-indenendence and the Level of Guidance of Mathematics 
Instruction", is reported in full in Appendix B. (See also Adams 5 ^IcLeod , 
in press). This study tested the hypothesis that field independence would 
interact with treatments that differed in the use of hifih or low levels of 
guidance. Students were assessed on field independence and also on a pre- 
test that measured their achievement in a prerequisite course. This type 
of pretest can be considered a measure of crystallize-d ability or (possibly) 
general ability in mathematics. 

Analysis of the data indicated that there were no interactions with 
field independence in this study. Instead, there was an interaction with 
the pre/est. This interaction indicated that students who scored well on 
the pretest did better in the high guidance group where a more traditional 
expository mode of instruction was used. Students with low scores on the 
pretest achieved about the same in either treatment group. Show (Note 2) 
has recently reported a number of similar interactions with measures of 
crystallized ability. 

Since the high-guidance treatment seemed to be somewhat easier for most 
students than the low-guidance treatment, a second study on the topic of 
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networks wns conduottul (Mcl.ood 1', Ailnms , in prosa-n, nttfiehoil na Appondtx C, 
"IndlvlduHl .Dll'foronco In Cojsnitlvo Stylo and Discovery Appronchoti to 
Lo{\n\.lnR Mnthoinnt ics") . For thlr. ;itudy tho trontmonta were expanded to 
include more concepts jmd.moro problems, and .slightly more structure was 
provi^dod in tho low-Ri.)idnnco trontmont. Instead of usiny^ tho protest 
which had produced tho interaction in the earlier study (Adnms T, Mchood, 
in press), students wore assessed on measures of general roasoninn and 
Senoral ability, as well as on field independence, ftoneral reasoning was 
used because it-'had boon an important variable in some earlier' ATI'' studies , 
and because it could :be assessed using only 15 minutes of class time in 
, contrast to the pretest which took 50 minutes. Heneral (or crystallized) 
. ability was assessed by using SAT scores that were available in the records 
of the university. ' * 

There wore no interacti-ons with any of these aptitude measures. Al- 
though there was a tendency toward steeper • regression slopes in the low- ' 
guidance treatment, the differences in slope, were quitk small. There were 
substantial differences between the treatment .groups, however; students in 
the high-guidance treatment scored significantly higher on both th? posttest 
and the retention test. , " • ^ 

Following another revision of the unit 'on networks a third s.tudy was 
conducted, 'The Interaction of Field Independence with Snail Group • ° • 
Instruction in Mathematics" (McLeod 5 Adams, in press-c. in Appendix D) . " 
For -this study, 6nly one set of printed materials was prepared. This, tine 
the treatments differed only in whether the students worked together in " 
small (groups rather than working individually. The printed materials used 
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m Inductive soquonco oP InntruGtlon whloh wn. d.stRnml r,o «n.o.n<H«e ntu.lo.u 
(Uscovory. Stu.lont.n \n tho s,ma l-^Rroi.p tr.atimmt wovko.l to««tht>r In inMlUn,; 
discovoinos; In tho othor t.mntmont., stiulcnt.s workoj i.ullvl.ludlly nnd nHko.l 
tho tonchor for help when thoy hiul (Hfficnlty. 

Sinco flold-dopondont students nro moro ndopt nt worklnR In j-roups than 
fiold-lndopondont students, it wns hypothosiaod thnt tho small -roup , - 
mont would bo moro oi-t\.,-.tivo for fiold-dopondent students, llowover. Uu-. 
results of tho study did not support this hypothosis. Fiold-dopondont 
students npponrod to do hotter in tho individunl trontmotppll^ thoy had 
more guidance from tho teacher. Several .si«nificnnt apt itudo-trontmont 
interactions occurred in tho data with measures of both field independence 
and general ability. For all interactions, students with high aptitude 
^scores did better in the snail -group treatment, indicating that any inter- 
action ^effect was probably due more to general ability than to field 
independence. 

Students were also asked to evaluate the unit on networks. Since the 
printed materials were exactly the same, any diff. rences in thej evaluation 
should be due to the' use of small-group as opposed to individual work. No 
interactions occurred when these student ratings were used as the dependent 
.variable, but there was a kgnificant -.reatment effect in favor of the 
small -group treatment. 

There was substantial difficulty in all three network studies in find- 
ing the- predicted interactions with field independence. When interactions 
did occur, thoy seemed to be due to general ability as much- as to field 
independence.' Part of the problem seems to be the similarity of the content 
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of ^he networks unit and the content of the items on the typical measures 
of field independence (the Group Embedded Figures Test and the Hidden 
Figures Test). Sinee similar skills are used in each case, field independence 
predicts achievement rather well in all kinds of treatments. Other problems 
in measuring field independence have been noted elsewhere (e.g., Cronbach 
Snow, 1977); V/itkin and his colleagues are aware of the difficulties in 
measuring field independence, and continue to work on this problem (Witkin 
§ Goodenough , Note 1). 

Personalized Systems of Instruction 

Although the major work of the grant dealt with the interaction of 
aptitudes and treatments that differed in the use of discovery methods, 
we did conduct one study of possible interactions with Personalized Systemis 
of Instruction (PSI). A PSI course which used self-pacing, frequent testing, 
and student tutors was compared to a traditional lecture-discussion approach 
to the same content. The study covered one* semester's work in intermediate 
algebra as taught to college students. The aptitude variables that were 
used in tlie study were general ability , field independence, and locus of 
control. (See Appendix E for a complete report by McLeod § Adams, Note 4: 
"Individual Differences in Mathematics Learning Through Personalized Systems 
of Instruction.") ^ 

There is some support in the literature for an interaction effect 
between general ability and PSI. The nature of this interaction is that 

low-ability students tend to do better in a PSI treatment, where they get 

o 

extra tutoring and other instructional support; high-ability students seem 
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to do equally well in either PSI or lecture classes. We predicted that 
field-independent students would do better in PSI than in lecture classes, 
since PSI requires students to do more work independently. Finally, we 
hypothesized that students with an internal locus of control would do better 
in PSI instruction, where students are expected to take responsibility for 
their own learning; students with an external locus of control were thought 
to be better suited to the traditional lecture class where the teacher 
takes more responsibility for student progress. 

Although no significant interactions occurred in this study, there was 
some support for the predicted interactions with general ability and with 
locus of control. Differences between regression coefficients were, in the 
predicted direction. There was no evidence of any interaction when field 
indencndence was used as the aptitude. 

•V 

Internal "External Locus of Control 

Locus of control was investigated further in three other studies (see 
MaLeod S.Adams, Note 5, in Appendix F, **Locus of Control and Mathematics 
Instrutition") • Students who participated in the three studies (see Appendices 
A, C, and D) were assessed on a measure of locus of control, and the data from 
those studies were reanalyzed using locus of control and general ability as 
the aptitude variables. Of the three dimensions of discovery learning that 
were used, only small -group instruction produced an interaction with locus 
of control . Students with an internal locus, of control seemed to learn more 
in small -group instruction » but students with an external locus of control 
appeared to do better in individual instruction where they received help 
from the teacher. 
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There were no significant interactions when the treatments differed in 
level of guidance, but there was a trend in the expected direction. Ti\e. 
regression coefficient for the locus -of-control scores was consistently 
greater in the low-guidance treatment, suggesting that students with an 
internal locus of control may learn more in a discovery-oriented treatment 
rather than under expository instruction. 

Treatments differing in the use of inductive, rather than deductive, 
instruction produced no sign of an interaction with locus of control. 

Pilot Studies 

In addiction to the main studies discussed above, a number of other pilot 
studies were conducted. The purpose of these studies was to test the 
feasibility of expanding our earlier work to new treatment dimensions or - 
to new aptitude variables • 

The first of thes^ studies was an attempt to look at the relationship 
between field independence and an open-ended problem solving task. Students 
from five classes for prospective elementary school teachers participated in 
the study. Students were not randomly assigned to treatment groups and one 
instructor conducted the study aided by the regular classroom teachers. 

The hypothesis was that ^ relatively field-dependent students who received 
training prior to working on an open-ended, problem solving task would do 
better than those who did not receive training. Relatively field-independent 
students were expected to do well whether or not they received any training 
and they were also expected to do better than relatively field-dependent 
students . 
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The open-ended problem solving task consisted of making as manj^ different 
three-dimensional geometric figures (polyhedra) as possible from geometric 
shapes (triangles, squares, and rectangles) which had been provided for the " 
student. Some of the students (N=50) were shown examples of prisms, pyramids, 
the regular polyhedra. and combinati&ns of these prior to working" on the task. 
These training sessions were done in a large-group setting. The rest of the 
students (N=39) were not givenany training prior to the task. Some of the 
students in each class worked in small groups and others worked individually.. 
Some student,s also participated in a similar task few d.ys prior to this 
one. These factors were ignored in the present analysis. 

The Hidden -Figures Test (IIFT) was used as^ the measure of field-independence 
and the number of three-dinensional figures created, by each studont was used 
as the dependent variable. Treatments were defined as training and no train- . 
ing. In a multiple regression analysis of the. data using vectors for HFT. 
treatment, and the interaction of treatment and HFt;' no interaction occurred 
and only about 5% of the variance was accounted for by the HFT. The re- 
gression-equation for the treatment which included training was G = 7.97 * 
.24H where C, is the number of geometric figures created and H is the HFT 
score. The regression equation for the treatment which did not include train- 
ing was G = 7.67 + .18U. ' 

Results from this study were not conclusive. Although the HFT and per- - 
formance had a positive correlation of .22. a spatial visualization test 
might be more appropriate for predicting performance in this type of task. 
Greater detail about procedures used in this study can be found in the 1979 
master's project paper prepared by June Dandliker at San Diego State University. 
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Another pilot study investigated the possibility of developing 
instructional units on the topic of "Mathematical Systems". Concepts in- 
eluded- in the unit were related to properties of finite mathematical groups. 
The two treatments that were prepared used either discovery or expository 
approaches to the same content. The' discovery treatment- used minimal, guidance 
and physical materials to enhance student discovery. The expository treat- 
ment provided maximal guidance and presented all concepts symbolically. 
Preliminary tryouts of th,ese materials indicated that the presentation was ' 
too difficult for our students, and a, major study was not attempted. ' 

A third pilot study was conducted to determine the possible utility of . 
measures of state and trait anxiety in ATI studies in mathematics. Cronbach 
and Snow (1977) have noted that >i^Ciasures of anxiety have produced a number 
of important results in ATI studies, and they have recommended further 
research using anxiety as an aptitude variable. There are several, measures 
of anxiety that are now available, but the instrument that seems to have the 
Strongest theofetical support is the State-Trait Anxiety Inventory (STAI) 
of Spielberger, Gorsuch, and Lushene (1970). The STAI consists of two 
scales; the A-Trait scale is designed to measure a general disposition to 
perceive circumstances as threatening, and the A-State scale assesses 
•feelings of apprehension or tension associated with a particular situation. ' 

The STAI was administered to. 30 students, including 15 who had ■ 
identified themselves as being anxious about mathematics and 15 who were • 
identified as not being anxious. The math-anxious group was randomly 
selected from the participants in the Mathematics Anxiety Clinic at San 
Diego State University in the. Spring Semester ,. 1978. Participation in the 
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Clinic was entirely voluntary and open to any students who identified 
themselves as math-anxious--i . e . . one who avoids mathematics and is fearful 
of mathematics classes. The other group included IS students from the fourth 
semester of a sequence of courses in mathematics f c r elementary school 
teachers. Since this course was not required, these students were not 
avoiding mathematics and were not generally fearfuP of the subject. 

The A-Trait and A-State scales of the STAI were • administered to both 
: groups on a-voluntary basis. The A-Trait scores resulted in mean of 41 
and standard deviation of 12 for the math-anxious group compared to a mean 
of 33 and standard deviation of 7.2 ^or the non-anxious group. This difference 
in scores was significant, ^(1,28) = 2.43, p_ = .01. Compared to other groups 
of college students, where the mean on this scale is typically about 38 
(Spielberger et al., 1970), , the math-anxious group also scored relatively 
high. ' . . 

, On the A-State scale, which measures the student's level of anxie'tv in 
the environment of the mathematics .-classroom, the math -anxious group had a 
m^an of 52 with a standard deviation of 14. whi/- the other group had a 
mear> pf 32 with a standard deviatro^^Df 7.3. In this case the differences ' 
bt,u/een the two means was also significant, t_(1.28) = 4.83. £< .001. Even 
though we recognize the fact , that these significance tests are being 
applied to data. that -do not satisfx all of the assumptions of the statistical 
model, these results seem reasonable and help> confirm the usefulness of 
the STAI iT] identifying students who suffer from anxiety in mathematics -/ 
classes. Therefore, we suggest that the STAI be used in ATI studies in 
mathematics, along with other measures of anxiety that prove to be appropriate. ' 
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Comparison of Work Completed with Work Proposed 

Figure 2 is taken from the original proposal which resulted in Grant 
#SED77--18531. The figure summarizes the studies that we proposed to do 
under this grants In this section we will indicate the extent to which 
we met our proposed goal si , . 

Component A, Discovery with Calculators, was completed as planned. The 
pilot study was relatively successful and the main study (McLeod ^ Adams, 
Note 3) is reported in Appendix A. This paper has been accented for. pre- 
sentation at the Annual Mee^ting of the .American Educational Research 
Association in San Francisco during April' 1979, and it has also been sub- 
mitted to both the ERIC system and a research journal. 

Under Component B, Discovery with Physical Materials, we completed a 
pilot study (discussed above) that indicated our materials were too difficult 
for the students who were intended to be our subjects* \^s a "result » no 
further studies were conducted in Component B. 

Tliree studies were completed as a part of Component C, Networks. Reports 
of these studies are included in Appendices B, C, and D. Two of these papers- 
.were, accepted for presentation at. the 1978 and 1979 Annual Meetings of the 
National Council of Teachers of Mathematics - (in San Diego 'and Boston, re- , 
spectively) and all three have been accepted for publication (Adams 5 McLeod,. 
in press; McLeod S.Adams, in press-a, in press-c). 

We completed more . work on Component D than, the original proposal called 
for. The report of thi^ study is included in Appendix E, and it has been 
submitted to a journal for publication (McLeod 5 Adams, Note 4). 

No replications were completed as a part of Component F. TreatJfi^jnts 
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from other *ATI studies were either not available or not appropriate for 
our students. 

A number of exploratory and pilot studies were completed as a part of 
Component F. The pilot studies of problem solving and measures of mathe- 
matics anxiety are discussed above. Also, three studies of locus, of control 
are reported in Appendix F; this paper has also been "submitted to a jounial 
(McLeod 5 Adams, Note 5). 

In summary, work in four of the six components (A, C, D, F) outlined 
in Figure 2 met or exceeded the goals set in the proposal , This work has 
resulted in six papers, including four accepted for publication in pro- 
fessionai .journals or for presentation at national meetings, and two sub- 
mitted for publication, but not yet accepted. 

Conclusions and Recommendations * 



The cognitive style variable o,f field-dependence-independence haS' pro- 
duced a number of significant ^.interactions , but not consistently in all studies. 
Given the difficulties of doing ATI research, some lack of re>Tularity in reach- 
ing a .05 leyel Df significance is to be^expected. Since studies with a 
reasonable amount of power are prohibitively expensive, and since so many 
instructionalxvariables are difficult tb control', ATI research will continue, 
to have problems wi^^h^replications . Nevertheless, ATI research on field 
independence and level-^of guidance seems promising. It appears that studies 



in which the treatment uses n^-geometric content' are likely to be mote 
successful tlijm those using geomdt^ic content. However, when more adequate . 
measures of field indeperidence are. developed, the content of the treatments 
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may become less important. 

Another difficultynn doing research on field independence is its ill- 
defined relationship^with general abilit>^ and fluid ability. More research 
on this- topic is currently being done by Witkin and his colleagues, and the 
results should provide alternative instruments for measuring field-dependence- 
independence that will be useful in Atl studies. 

The interactions that have occurred between general 'reasoning. and in- 
ductive instruction provide another fruitful line for further research. The 
"^^"^^^ °^ ^'^^s^ ^^"'^i^s a" subject to varying' theoretical interpretations'... 
It is possible that crystallized ability, rather than general reasoning, is. ' 
actually the operative variable in these studies. It is also possible that 
tests of general reasoning may actually be described more accurately in 
terms of an information processing model. For a more thorough discussion of 
these possible theoretical positions, see Appendix A. In any case,' more 
research on the relationship of general reasoning and inductive instjluction 
is certainly needed. 

Finally, internal-external locus of control is another variable that' 
warrants further study. Again, there are difficulties in assessing this 
dimension, but the instrument developed through this grant seems particularly 
appropriate for assessing locus of control in mathematics classrooms." 
Differences in locus of control' seem important in small-group instruction 
and in PSI classes; other instructional variables such- as level of guidance 
may also interact with locus of control. More research on this variable is 
needed to assess its influence in mathematics instruction. 

For a more thorough discussion of the work of this project in relation " 



ERIC 



to other ATI studies, see Appendix G, "Recent Research on Aptitude -treat- 
ment Interactions". This paper was .presented at the 1979 meeting, of Project 
Directors sponsored by the National Science Foundation Division^ of Science 
Education Development and Research . (McLeod, Note 6) . 

In summary, this project has produced significant aptitude-treatment ■ 
interactions with three different aptitude variables. Further research is 
needed. on all of these aptitude variables, and on others (e.g., anxiety) which 
have not yet been thoroughly investigated in the coi^text of the mathematics 
classroom. In the last, two decades the difficulties of doing ATI research 
have become all too cjear, and many researchers in mathematics education ' 

^ . ' * • * J 

I 

have come to believe that no progress can be made on the ATI problem of 
matching instructional treatments and student characteristics so as to 
optimize achievement. But the results of this project, along with current ~ . 
studies that refine our conception , of aptitudes, show that ATI research 
still holds great promise ns, a means of improving our understanding of the 
teaching and learning of mathematics. 
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: Abstract ' - 

Students in three mathematics classes were assessed on two aptitudes , field 
independence and general reasoning, and randomly assigned to either an 
expository or a discovery treatmient . The expository treatment used a deductive 
sequence of instruction and provided maximal guidance for the students • The * 
discovery group used an inductive sequence with minimal g:uidance, and provided 
calculators to help students discover concepts and rules independently. The 
tquip of instruction involved errors in measurement and calculations with 
approximate data. There was a significant interaction with general reaspning 
on the retention test,, as predicted. There were no interactions with field 
independence. 

V . ■ - . " '■ 
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Aptitude-treatment Interaction in 
^ — -^Mathematics -Instruction -U 

Aptitude-treatment interaction (ATI) research, generally viewed as an 
outgrowth of the work of Cronbach (1957), has turned ouf^to be more difficult 
than originally expected. Simple hypotheses about matching student, abilities 
with appropriate treatments have proven difficult to substantiate. Never- 
theless, Cronbach and Snow (1977), in their comprehensive review of the field, 
confirm that ATI do exist and are important to educational practice. 

Cronbach and Snow (see also Snow, 1977) state that the most stable 
interactions occur with general ability. However, there are a number of inter- 
actions in the literature, especially with inductive and deductive instruction 
(Cronbaich ft Snow^ 1977, p. 320, 371), that do not seem to be related to 
general ability. General reasoning is one of the aptitude variables that is 
frequently involved in these more specific interactions. 

In mathematics education research, several studies have reported ATI 
between general reasoning and treatments that differed in the use of an 
inductive or a deductive sequence of instruction (Eastman 5 Carry, 1975; 
McLeod 5 Briggs; in press). There are also studies that have failed to find 
the expected interactions (Behr 5 Eastman, 1975; Eastman 5 Behr, 1977), but 
this may. have been because the level of difficulty of the treatments was 
not appropriate for the students. 

The theoretical framework for these interactions with general reasoning 
is not well isstablished. Cronbach and Snow (1977) note that measures of 
general reasoning are closely related to general abj.lity in mathematics. , 

> ■ ■* 

29 



Aptitude-treatment Interaction 

3 

In ATI studies, however, general reasoning seems to function quite differently 
from general ability. For example, tests of general reasoning seem to do a 
better job of predicting success in a more expository deductive treatment 
than in an inductive treatment, the reverse of what one usually finds for 
measures of general ability. To explain these interactions', Cronbach and 
Snow have suggested that a test of general reasoning might be a measure of 
crystallized ability, or achievement in traditional school subjects; therefore, 
it could be expected to produce . steeper regression slopes in more traditional 
deductive instruction (Snow^ Note 1). Carroll (1976) has analyzed the aptitude 
of general reasoning from a different perspective, using the concepts of 
information processing theory. From this point of view, general reasoning 
assesses the ability to perform serial operations, which seems to correspond 
to the more direct sequence (rules followed by examples) of deductive 
instruction. 

One reason that Cronbach and Snow (1977) attribute most ATI to general 
ability is that it is difficult to separate the effects of a specific 
aptitude from general ability. The difficulties with traditional aptitude^ 
constructs led Glaser (1972) to call for research with ''new aptitudes'^ in- 
cluding dimensions that are related to personality variables such as 
cognitive styles. T)ne cognitive style variable, field independence, has 
received considerable attention in educational research (Witkin, ?!oore, 
Goodenough, § Cox, 1977). In a recent revision of cognitive style theory, 
Witkin and Goodenough (Note 2) suggest that cognitive restructuring ability - 
and personal autonomy are the two characteristics on which field-dependent 
and field-independent students differ. Treatments that provide minimal 
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.structure and guidance 3hould bo appropriate for field-independent students, 
since they can provide their own structure and work autonomously. Field- 
dependent students, however, should excel in a highly structured treatment 
which provides careful guidance. Some studies in mathematics education 
have found- ATI that support this theoretical position (McLeod, Carpenter, 
McComack, 6 Skvarcius, 1978; McLeod 6 Adams, in press), but other studies 
have not produced significant interactions. 

In summary, ATI research in mathematics education has found two aptitude 
variables, general reasoning and field independence, that have produced 
significant interactions with two dimensions of discovery learning, level 
of guidance and inductive instruction. The purpose of this study was to 
search for ATI between these two aptitude variables and treatments that 
differed in both level of guidance and in use- of an inductive or deductive 
sequence of instruction. The treatment that provided a minimal level of 
guidance and used an inductive sequence was labeled the discovery treatment; 
the expository treatment provided maximal guidance with a deductive sequence 
of instruction. Based on the theoretical background for these two aptitude 
variables, it was predicted that field-independent students would do best 
in the discovery treatment, j^hile students who scored well on lests of general 
reasoning would be better off in the expository group. Rephrasing this 
hypothesis in terms of regression -slopes , it was predicted that the re- 
gression of achievement on field independence would he steeper in the dis- 
covery group than in the .expository group, but the regression on general 

-reasoning would be steeper in the expository group. 
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Method / 
Subjects / 

> Students from three sections of a mathematics course for prospective 
elementary school teachers participated in the study. All three classes met 
in the afternoons for 75 minutes on two days each week. About 87% of the 60 
students in the classes were women, eomplete data were obtained for 47 
subjects. 24 in the expository group and 23 in the discovery group. Other 
students were absent for one or more days of instruction and testing. The 
rate of student absenteeism did not appear to be related to differences in 
the treatment groups. 
Treatments 

Two instructional units were, prepared on the topic of errors in measure- 
ment and their effect on calculations with approximate da^ta. This topic was 
suggested by the Report of the Conference on Needed Research and Development 
on Hand-held Calculators in School Mathematics (1976). The treatments in- 
cluded such concepts as precision of measurements, significant digits, and 
their relationship to adding, subtracting, multiplying, and dividing 
approximate data. Both treatments covered exactly the sasne concepts, and 
students were given about the same amount of practice in solving problems. 
However, the concepts were presented in different ways in the two treatments. 

In the expository treatment, instruction proceeded in a deductive se- " 
quence. with definitions and rules followed by examples. Students were given 
maximal guidance; sample problems were worked out completely before students 
were asked to do similar problems. The problems were chosen so that they ' 
could be worked easily without a calculator. In the discoyery treatment. 
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however, concepts were presented in an inductive sequence. Students first 
worked out several examples, using a hand-held calculator' when it was needed. 
Students were then encouraged to generalize and produce rules that would 
follow the examples. Although the students were given an opportunity to 
discover the rules, the materials did provide the rules to students who did 
not discover them independently. In both treatment groups, the teacher was' 
available to help answer student questions. 

Tests . ^■ 

Field independence was measured using the Group Embedded Figures Test 
(HEFT) and a version of the Hidden Figures Test (HFT) . The GEFT (IVitkin, 
Oltman. Raskin; 5 Karp, 1971) is the most appropriate group measure of field 
independence. The version of the HFT tl^jit was used (Hidden Figures 2-Fonn 
271) was adapted by the National Longitudinal Study of Mathematical Abilities 
(NLSMA) from the original of the Educational Testing Service (French, 
Ekstrom, 5 Price, 1963). For a complete discussion of this test, see the 
appropriate NLS.'IA reports (Romberg 5 Wilson. 1969; Wilson. Cahen . F, 3egle, 
1968). :r 

The time allowed for the GEFT and HFT was adjusted for this study. 
Sinc6 the GEFT is relatively easy for college students, subjects were given 
four minutes for each part, rather than five. The version of the HFT that 
was used was rather difficulty so students were' given IS rather than 10. 
minutes for that' test . 

The HFT was used along with the GEFT in order to provide a second 
measure of field independence, a procedure in line with the multitrait- 
multimethod approach to measuring aptitude that is recommended by Cronbach 
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and Snow (1977). 

The most common measure of general reasoning in ATI studies is the 
Necessaiy Arithmetic Operations (NAO) test (French, Ekstrom, f, Price, 1963). 
In order to distinguish between scores on the NAO test and general ability, 
students were nsked to allow the university to release their SAT scores. 
Most students agreed to this request, but only 28 of those subjects actually 
had SAT scores on fil(^. 

A 20-item posttcst that covered all of the concepts in the unit was used 
to measure immediate achievement. A subset of 10 items was used to measure 
retention, Tl.a retention test covered only the parts of the unit that had 
been completed by most participants. Fifteen minutes was allowed for the 
posttest, ai^d seven nanutes for the retention test. 

The.KR-20 reliability coefficients were judged to be satisfactory on 
all tests. T^^f/ ranged from ,61 on the posttest to .82 on the NAO. 
Procedures 

The HFT and NAO tests were administered during the first week of class 
as a part of the regular course procedures. During the middle of the term, 
90 minuter of class time was devoted to the study. 

Students' were randomly assigned to treatment groups within each class. 
Students assigned ^to the discovery treatments were asked to go to a room 
equipped with calculators. Students in the expository group stayed in the 
regular classroom. They were told that they would get- their chance to work 
with the calculators later, since there were not enough calculators for the 
entire class to use them at the same time. Since no calculators were needed 
for the expository treatment, the lack of a calculator caused no problems 
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. for that group,* , ^ . 

At the beginning of the treatments, students were given a brief intro- 

♦ 

duction to the materials and were encouraged to work independently, direct- 
ing their questions to the teacher. At the end of the first day of the 
study, the materials were collected and graded, ftost students were not able 
to complete the treatments in^ the 75 minutes allowed/ The post'test *was " 
administered two days later at the next class meeting. Four weeks later 
'students were assessed again to measure retehtiop. On the same day, students 
took the GEFT. . 

Results 

Descriptive statistics are presented in Tables 1, 2, and 3. Table 1 
includes the means and standard deviations for all tests; scores ranged 
widely among students, but there were no large differences between groups. 
Table 2 presents the correlation matrix for the aptitude and achievement 
tests. Correlations between the NAO test and the two measures of field 
independence were somewhat higher than one usually expects. Also, there w? 3 
a strong correlation between the posttest and retention test.. Table 3 presents 
,the regression equations for each group, using HFT and NAO as predictors. 
Substitution of the other measure of field independence (GEFT) for the HFT 
scores produced similar results. 



Insert Tables 1-3 about here 
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Tests for Interaction 

, Tho data were .analyzed using multiple rCRrossion techniques. The two 
•dependent variables were treated' separately. For -the main analyses, the 
full .model' inc. luigd vectors for field indopondonce (IIFT, nEFT, or their sum), 
NAO, treatment, and the interaction of treatment with each of the aptitude 
vectors. AS' these vectors entered the equation (in the Sf^bcified order), 
the change in. due to each interaction vector was calculated. On the 
retention test, the interacjcion of NAO and treatment was significant Csee 
Table 4) and in the predicted direction. \ 



Insert Table 4 about here 



Figure 1 presents the interaction of NAO and treatment for the retention 
tost. In the figure, the regression .equations are calculated for each group 
using the NAO scores as the only predictor. The slope for the expositpry 
group was .42; in the discovery group it was .09. This difference in slopes 
is significant, F(l, 43) = 6.96, p = .011.. 



Insert Figure 1 about here 



The data were analyzed further in several different ways. Scatterplots 
of ^each aptitude variable swith the two achievement measures were constructed; 
in each case the use of linear models seemed aopropriate . \ • 
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Other measures of field indopondonco (niiPT, the sum of IIFl' and, GI^.FT) 
were included in the main analysis alonjj with NAO. The results wore 
esspntially the same as those reported in Tables 3 and 4, There was still, 
an interaction with NAO on the retention test, but not on the posttest. There 
were no interactions at all with field independence. 

Since there was no interaction on the po^ttesr, it was appropriate to 
test for a c^ifference between treatmen^t group means, when using IIFT and NAO 
as covariates. ^^^o difference was found, 1F(1, 43) = .67, " .4lS. 

The importance of class effects has been emphasized by Cronbach (Note 3"), 

Xa . . . . ■ ' 

so the data were reanalyzed taking into account the student's class and 
possible interactions of class with treatment,. NAO, and the treatment -by-NAO 
interaction. On the retention test, the interaction with NAO occurred cqYi- 
sistently across classes. On the posttest, only one class produced this type 
of interaction effect; in the other two classes the NAO slopes were about 
the same in both treatment groups. 
Source of the .Interaction 

The data were analyzed further to determine whether the interaction 
with NAO could be attributed to general reasoning alone, or whether it should 
be thought of as an interaction with general ability or crystallized ability. 
The analysis began by considering the 23 subjects on whi^ch SAT data were 
available. The sum of the verbal and quantitative parts of the SAT were 
used as 'a measure of general ability. There was no evidence of any inter- 
action with SAT, either by itself or in conjunction with the other aptitude 
variables. IVhen SAT and NAO were put in the same regression equation with 
the retention test as the dependent variable, the NAO-by -treatment vector 
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accoMntod for about of the* variance, .Hubntantially more than the duo 
to the SAT-by-treatmont vector. Of courno, neither of those intbractiona 
waSi significant , since there were only 28 subjects in this analysis. . However, 
these data provide some support for attributing the interaction with NAO 
to the aptitude of general reasoning rather than to general ability. 

Further information on the nature of the NAO interaction was obtained 
by considering the difference of the standardized scores for HFT and NAO. 
Cronbach and Snow (1977, d. 84) state that two predictors behave ^differently 
if their standard-score difference interacts with the treatment dimension. 
The interaction between treatments and difference scores was not sig^iificant , 
Hl» 43) = 1.97, .168. The sum of the standiirdized' scores for NAO and HFT, 
however, did interact with treatment, F_(l, 43) =» 4.804, = .034. Since the 
combination of NAO and HFT should act more like general ability than general 
reasoning, the analysis of sum and difference scores provides some support 
for attributing the interaction to general ability rather than to the more 
specific aptitude of general reasoning. 
Regions of Significance 

Regions of significance for the interaction represented in Figure 1 were 
calculated in two ways. Following Cronbach and Snow (15^77), confidence inter- 
vals were computed about each of the regression lines, using a confidence 
level of 68%. The confidence intervals overlapped for NAO scores of 13 to 
17; therefore, the regions of significance for this interaction were for 
NAO scores of less than 13 and more than 17. These two regions included 55% 
of the students. Students with NAO scores of 17 or more did better in the 
expository group, as predicted, while students who scored less' than 13 

' - • - ■ 
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achiovod inoro in tho iliacovory n^owj). 

Tl\o Johnson -Noymnn tochnlqvio (norich, Goilhoiit, ft WvmdorUch, 1076) is 
another method of cnlculntinn roRiona of .lijinificnnco. For n love! of 
siRnificnnce of .10, this tochniquo fouiul tho roRions of sipnificanco for • 
tho interaction in Figure 1 to bo almost tho anmo ns in tho analysis usinR 
con.fidonco intorvals.' For tho Johpron-Neyman analysis, tho upper region of 
significant differences included scores' of more than 18. The lower region, 
was found to lie the same as in the' analysis using confidence intervals. The 
regions of significance in the Johnson-Neyrnan analysis included 49^6 of the 
students. 

Discussion 

This study tested the hypothesis that ATI would occur between two 
aptitudes, field independence and general reasoning, and treatments that 
differed in dimensions of discovery learning in mathematics. Field ihde- 
pendence was expected to interact with the treatments since they differed 
in the level of guidance provided to the students. General reasoning was 
expected to interact with the treatments since they differed in"the use of 
deductive or inductive sequences of instruction. The ATI with ?enefal reason- 
ing occurred as predicted on one of the two dependent variables. Therefore, 
this study helps- tp confirm the existence of an ATI that has aopeared in 
several other studtes (Cronbach 5 Snow, 1977; Eastman 5 , Carry, 197S; McLeod 
5. Briggs, in press). ^ * . 

. Although a number of studies have found ATI with general reasoning, 
as measured by the .NAO test, it i,s still not clear whether this interaction 
can be attributed to this specific aotitude, or whether it is the result 
Of general or crystallized ability (Cattell, 1971). Data from thd present 
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Study wore not cnncliialvfl on this point, Furthwr liwestiRwtlon uaintj nn 
infonnntion procosslnf; npproach may help to explain tho effects of this 
aptitude variable. It aeoina likely that aoquenco differences in trontmonts 
may bo related to fixed, as oppoaed to flexible, aoquencoa of information 
processing. In this study, it appeared that students v/ith high NAO scores 
wore loss floi<iblo in terms of adapting to irtstruction using an ir^ductivo 
sequence where students were sup]^osod to make generalizations with the 
assistance of hand-hold calculators. In this interpretation, the ATI of 
this study fits.nicol.y into Snow's recent work (Snow, Note 1) on the 
relationship of crystallised ability to ATI. Since the interaction occurred 
only on tHe retention test, it may be that these differences in information; 
processinfi are only important when they involve retrieval from long-term 
memory . 

The expected ATI with field independence did not occur. The major reas( 
for this appeared to he that the treatments provided more guidance ' than was 
originally intended. This- extra guidance was provided partly because the 
students requested, even demanded, considerable help from the instructor 
in the classroom. Also, treatments frequently need to be "tuned'' in order 
to produce ATI, and appropriate revisions of the treatments used in this 
study could result in instruction that provides sufficient, but minimal, 
support. Such a revision might produce the expected interaction with field 
independence. 

In summary, this study identified the expected- ATI with general reason- 
ing (as measured by the MAO test) hut not with field independence. .Further 
research on the topic seems appropriate. It used to he sufficient in ATI 
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research just to find an interaction; no one worried a great deal about 
whether the ATI could be attributed to a specific aptitude as opposed to 
general ability. But now more detailed informatibn is necessary as 
researchers try to build a theory of aptitudes and interactions. These 
s^higKer expectations s^em to be a sign that ATI research is making substantial 
progress. 
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Test 
HFT 
GEFT 
NAO 

Posttest 
Retention 



Table 1 

Means and Standard Deviations of 
All Tests for Each'Treatment Group. 
Maximum 



possible 
score 

16 

18 

30 

20 

10 



Range 

0-16 

0-18 

3-24 ■ 

0-15 

0-9 



Discoverv 



Expository 



Mean 


SID 


Mean i 


, SD 


5.6 


3.6 


4.9 


3.5 


9.8 


4.5 


8.8 


5.7 


13.8 


3.9 


13.8 


4.5 


5.9 


2.6 


6.3 


3.1 


4.6 


1.5 


4.4 


2.7 
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Table 2 

Correlation Matrix for All Tests 

Correlation 

0 

Test 12 3 4 5 



1. HFT 1.00 .54 • .53 .39 .43 

2. GEFT 1.00 .43 .50 .41 

3. NAO 1.00 .61 "■ .54 

4. Posttest 1 .00 .72 
Retention 1.00 
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Dependent 
variable 



Post test 



Retention 



Table 3 

Regression Equation Data for Each Dependent Variable 



Group 



Discovery 
Expository 
Discovery 
Expository 



Intercept 

.66 

.08 
3.40 
-1.34 



Regression coefficients 



HFT . NAO 

.07 .35 

•12 .41 

.12 .04 

•08 .38 
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Table 4 












Tests 


for Interaction 








Dependent 




for 


._. .-. — 





Change 






variable 


full model 




Source 


"in jT 


F 


E 


Posttest 


.391 


HFT 


X Treatment 


.003 


.20 


.657 






MAO 


X Treatment 


.001 


.10 


.753 


Retention 


.419 


HFT 


X Treatment 


.020 


1.25 


.270 






NAO 


X Treatment 


.076 


5.33 


.026 
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Discovery: y = 3.4 .09X 
Expository: y = -1.5 + ,42X 




30 



Necessary Arithmetic Operations Test 



Figure 1. Interaction of NAO test with discovery and expository 
treatments on the retention test. 
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The I ntertsctton of 

Abstract 

Th^Is study Investigated the relatlonsHip between the cognitive stvlc variablo 
of f leld-dependen^o-Indopendence and Instructional treatments using high or 
lov.' rjuldance In a unit on networks. The 97 subjects, all prospoctlve 
eler.ontary teachers, were pretested on cognitive style (using tho Group 
Embedded Figures Test) and on nathen^at leal achievement (a measure of 
crystal llzrd ability), and randomly assigned to trGatmonts. Followinq 
Instruction, students were tested for Immediate achlevRmont and then ro- 
tested 5 weeks later. There , were no interactions with f ieid^depondonce- 
indspendence, but there was a significant (p < .05) interaction with cp/stallized 
abilitv on the retention test. ' 
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The In'tqraction of Fie I d-Dopondence'-l ndependence 
and the Level of Guidance of Mathenatlcs Instruction 



Attenpts to Individualize Instruction have tradltlonallv Involvod var/in^ 

7 * . ' ' 

the rate of Instruction and relatively TittJe atTentlon' has been given to % 

ad.ijptlnfj the method of Instruction to student character! sties, Cronbach 

( 

(1957) reconrpended that researchers try to find aptitudes v/hich Interact 
with variations in Instructional treatments and to design Instructional treat- 
ments to fit partlculrir aotitudes of groups of students. The search for ways 
of adapting Instructional treatments to Individual differences is known as 
aptitude-treatnent-interactlon (ATI) research. 

In general, the results accumulated from ATI studies have bef^n lo?s 
than satisfactory, and few significant interactions have been found 
Cronbach and Snow (1977) state that aptitude-treatment interaction^ do exist 
and that while no i nte Tactions have been confirmed well enourjh to .bo used 
as nuldo:> In making decisions about Instruction, much has boon learned. 
Thev feel that what the results do Indicate is that It will take moro th.an 
' just a| f ew years of research on a l imited scale to produce both sol id 
theory and useful generalizations ©bout aptitudes and Instruction. For 
reviews of ATI research, see EJerllner and Ceihen ( 1973.) Cronbach ( 1975) , 
Cronbach and Snow (1977), and Tobias (1976). 

' /in mathematics education, some recent studies successful In, finding 
ATI's have used the cognitive style of f ie I drdependonco-Indopondonce as* 
an aptitude varjable. Individual differences in f iold-denondence- 
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IndepondencQire Identified on a continuum datenn.Ined by tho. extent a 
person perceives analytical ly. . Students who are relatively f Ip I d-dopendont 
find It difficult to restructure a^Ituatlpn In order to solve ^ prob lem 
or to injposQ structure on materl^;i ,v.hen. structure is lacking. On tKe othor 
hand, flold-lndopendent students aro^ more capable of taking e critical 
elamont out of context and. restructurl pn a problem In order to use that 
elcT-ent In'>a different context, - 

Another aspect of f lel d-denendenca-Independence which may bo Imnortant 
In dovelopfng Instructlbna I materials Is that the effect of cue salience 
Is nreator for field-dependent than for f le I d-i ndependent students. Finld- 
donondont students also favor a spectator approach to learninq while flold- 
Indooondont students favor d more active approach. Witkin, Moore. 
Goodenbugh. and Cox (1977) sunnarize the educational Implications of the 
f.|eld-dependQn+-Independent cognitive styles. 

An Invest I gat ion of the relationship between f ie I d-dopendonce-I ndopondonce 
and expository vs. discovery learning was done by McLeo.d. Carpontnr. fIcCornack. 
and Skvarclus (1973). - Treatments wero based on two levels of guidance 
crossed with two levels of abstraction; the topic was numeration systems. 
Tho. results support the hypothesis that field-independent students will 
perform- feest when aMowei to work ' Independent I y wh I le f le I d-dependent 
students porftprn bekt when piven extra guidance. • 

• McLeod and Adams tHote I ) attempted to 'repi Icate the above study by 
Invostlgatlng the intoractlon between f lel d-denenden'ce-Independence and ; 
manipulative materials used,,tn a discovery mode vs symbol Ic materials used 
»n an^exposltory^mode. Aj^aln. a significant interaction was found on a 
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•pc«ttMt Where questions , ere presented symbol Icil ly. 

McLeod end.Brlggs (..ote 2> used an Inductive vs. deductive approach „ I ;h 
fl;eld-dependence-lndependence as one o'f two aptitude variables. A slnni- 
^ Meant Interaction between f.feld-dependence-lnde.endence and thn senuenco 
Of rnstructlon based on Inductl-ve and deductive approaches was found on 
only the transfer test, "hi le-tle,d-dependence-lndep„ndence seoned to 
Interact dependably with level of guidance In two earlier studies, Its 
Interaction with sequence of Instruction appeared to be less consistent. 

For a thorough review of ATI research. Including a discussion of fiel-l- 
depondehce-lndcpendence, see Cronbach and Snow ,1977). They indicate that 
field independence cou I d rep resent fluid ability and that field dependence 
^ay represent a deficit rather than a cognitive style. However. WItKin and 
Ooodenounh (Note 3, fee, that f ield-dependence-lndependence is a di^nslon 
Of individual differences-related to the individual's reliance on internal 
and externa, roferents and conforms =to the concept of style rather than 
the concept o, ab,„ty. w,tK,n and r.o..nough s^g^est that f ,„,d-d„pondence- 
ind^pendonce ,s b,po,ar and that f ,e,d-,ndependent persons are more adaet,vo 
!n s,tuat,ons requiring cognitive restructuring, ski I Is; field-dependent 
■n<<,lv,duals, on the other, hand, are mere adaptive In situations which' 
Involve social skM Is. ' 

In the present study using the topic of networks, the Interaction between 
levels of guidance and f leld-dep,ndence-!ndependence was iPvestlgated. Also, 
pretest was used as a measure of general mathematical abilities. Two levels' 
Of guidance, low and high, were chosen varying the ar„unt of structure, cue 
salience, and active involvement by the student. Materials were prepared on 
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th» bor.l. o. the n„a.ls suggested by Saloon ,,,72,. TKe hinh-<,u, d.„c. 
tro3t™>„t <MG) was designed as e compensetory treetmont for field- ■ 
dependent students. The lo-guld.nce treatment (LG, „,s designed es e 
preferential treet^nt for ..eld-.ndependent students. It „,s expected 
thct n.., slope for the regression line from the preferential treatment 
»ould be puch greater than that of the slope fron the eenpensetery treat- 
™nt. T.„ Slope fro. the cocpansatory treatnent was expected to be nearlvi 
level and In that way a significant Interaction would be obtained. 



Method 



r,tu.ont, fron four sections of Matr 2,03, the second seroster of e c.ufse 
^er.,-,ned for prospective elenentary school teachers, participated In the :.tud 
Mt..ugn t,..e majority o, students were Juniors and seniors, there were a fe. 
fr,,-,h,nen, sopb«res, and graduate students enrolled. Also, the ..jorlty of 
vf- i,ot'..l„ thQ-.o claisos wore women. Only j7J „,,o non. 

A total of 132 students were originally enrolled. In the four section,. 
There ^e-e 16 students that dropped the course before the study -as cen- 
Metod and I, students that were absent on one of the three days used to 
conduct the study and retention te/t. Of the ,7 students.cooletlng the 
study, 51 were In the low-guld/nce g^up and 46 were In t'he high-guldance 



group. . 



Two treatments, both Inductive, were developed on the topic of networKs. 
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Concents presented Included equivalence of networks, traversabl 1 1 ty , and 
applications. In the treatment for the high-guidance group, partially 
cowpletod tables and rules were Included In order to cotnoensate for tho 
f lol d-dopendent students' Inability to provide structure. Double spaclnq 
and undorllnlng of key words were used since the f le I d-dependont student 
seoms to need holp In Identifying relevant cuqs. The low-guldancG treat- 
ment c!Id not provide tables nor orovlde help with discovering tho rules, 
did Include, short questions throughout the treatment In order to keep the 
students actively. Involved In tho treatment. These were omitted from the 
high-guidance materials where students wore given the same Information In 
an oxposi tory fash Ion E3oth treatments presented the same conti3nt on 
networks, used the same problems, and provided about the same amount 
of practice. 

The Pretest consisted of 27 multiple choice questions on concepts 
nonr.ally covered In the first semester of^o course. In this study, th^ 
Protest was used as another aptltudo varlab lo, along with tho rtoasuro of 
f iDld-dopondehcq-Indepondence. 'The Group Embedded Figures Test (GEFT) 
was use'd to measure fie I d-deoendence-lndeoendence (WItkIn, Oltman, Raskin 
4 Karp, I97I). The first section of the GEFT Is used -for practice. The 
second and third sections each have nine figures and students are ?l lowed 
five minutes for each part. In the present study, the combined score for 
the last two sections .was" used as the GEFT score. . 

(■ The Posttest and Retention Test contained throe subsections Intended 

J- 
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. to maasuro comprehension, applications, and analysis. 
Procoduro 

- The study w.s run dur,„s regular Cass per.Cs early ,„ the s™s,»r. 
AM casses tw.ce a weeK ,cr 75 „,„„tos. One Cass net on Mon.^ys an. 
-dnesdavs and three classes .et on Tuesdays and Thursdays. All „.re 
af+^arnoon classes. 

students were r.n.o.ly assigned to two groups within each class The 
1.0. instructors tor the tour sections participated In the study and were 
rondcniy assigned to groups with the restriction that each have two low- 
nuldance groups (LG) and two high-guidance groups (HG). 

• °" *T o? """^ Sprout, was played. Whl le this 

-a. not part of the study. ,t s^ryed as Int^ductory material to the study 
-d later proved to. Introduce so^e sot hreaMng prohlens for the students. 

Euler-s (onnula.was discussed the second day o, class. Agaln.while It- 
wa, not part of the study, It later prayed to Introduce set hrea.lng Inter- 
<o..nce..,th the study. The last 50 ninutes of class ;i™ on the -2nd 
day were used to Administer the Protest. 

On the third day of^ class,, the classes spl It Into two groups. The LG 
group regained In the classroom and the HG group went to the nath lah. Tho 
study was introduced hy telling the students that It was a lesson related 
to What they had been doing bi,t with a different approach. They were 
=.kod to worR on the materials by themselyes and turn In their papers at 
the end of the period.. They were told that their papers would be returned 
to them the next period. 
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Papons were returned ort the fourth day of class with corments marked 
on them about the errors. In the HG group, errors were corrected by tho 
grader. In the AG group, students were not told the correct answers; Instead 
"thoy were asked to look for different patterns and to try to use tho vocab- 
ulon/ used In tho lesson. Students were told that there would be a quiz ovor 
the material and were given' the opportunity to review and then take the 
Posttest after' 15 minutes If they were finished. ThQ rest of the class 
strirtod the test after 30 minutes. All were told that the test would not 
bo part of their grade for the course and that they wero to try to do their 
best. Students were allowed ''30 minuter, to complete the tost. 

After the study and Posttest were completed, the materials were noV 
discussed in class until after the Retention to-jt was 3dministored fivu 
woeks^ l^ter. On that day, tho GLFT wa- admlnlsttr^-d first, and then tho 
Retention test and the answers to the Relantlon tost we '-j discussed. AIsc, 
tho teacher answered student questions about tho materials. 

Results 

Multiple regression technlqueij (Ker I Inqer 4 Pedhazur, 1973) w.o^^ used ' 
for analysis oi tho data. A separate analysis was compieted for the P )st- 
test and each of Its subtests as well a5> n;o Retention test and each of 
Its subtests. KR-20 rel lability coef *^ Iclents were computed for all tests 
except the GEFT and Item analyses were completed for both the Posttest 
and Retentfon test. Tests for dl f vr.rences b«?tween the moans were computed 
,when appropriate. 
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Pestf.ptlve Stn tlstlr«; 

^ Table I presents the moans and standard deviations for all tests. On 
the Pretest, scores ranged from 7?? to 85^. On the. GEFT. scorer, ranqod 
from 9f. to I OO;?. The Posttest scores ranged f ron 22-. to 04!^ while 
tho Retention tost scores ranged from 17^ to 7855. Table 2 presents the / 
•correlation matrix for..al I tests. Table 3 provides Information about the / 
renre6sion equations for each group, / , 

c .■' 



Insert Xab I es I through 3 about here 



.The KR-20 • re I lab |, I Ity coefficients for the Pretest, Posttest, and Ro 
tention test were ,78, .50, and .48 respectively. A reliability 
esflMate of .82 for the GEFT was reported by WItkIn ot al. (1971). 



/ 

/■ 

/ 



Teo-ts for Intorar.t'ion 



The Interaction vector Pretest X Treatment was checked for sign I ficanco 
first for both the Posttest and the Retention test. ' if It was not signi- 
ficant, it was dropped from the m^del and the Interaction vector GCFT X 
Treatment was then checked. Table 4 gives Information for the tests for 
Interaction showing the squared multiple correlation for the full model, 
the drop In R^, and the value of F for the Interaction on both the Post- 
test and Retention tost. On the Retention test, the Pretest X Treatrr^nt 
vector was significant; however, the GEFT X Treatment vector was not. Neither 
of the Intoractlon vectors was s I gn I f I cant on the Posttest; therefore, • 
Intercepts were checked and were found to be significantly different, 
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F(l, 93) = 5.75, p < .05. 



Insert Tablo '1 about hore 



SIr.co thorc. was a significant Interaction on the Retention tost, the 
Joh-,3cn-^r,>'nari techninue was applied to find the rooion of slgnificanco 
(Uurlch. Oodbout, A Wunderlich, 1976). Using the Pretest as the only 
predictor, tho left region of significance was not definable within tho 
range of d.ita-. Tho right regiwn of significance was bounded by 15.8 and 
23. There were 40 students (4i;^) who had oretest scores which wore in 
this' ren Ion of significance. 

Interactions wore checked for each of tho subtests for; both the Post- 

te3t and the Rotontior. test. None were found to bo significant for the ■ 

f=o:;ttest; however, there was a significant intoractlon between-the Preter.t 

and treatments on the aop I lo-itlonr. subtest for the Potontlon test. In this 

■'■?■■ ■ - ■ 

CQVJr, l< for tr.o full model was .184; the change In was .054, 

F(l , 91) = 5.99, D < .05. 



Discussion 

Cronbach and Snow (1977) report that general ability Is tho most reliable 
source of ATI. According to their hypothesis, students with low general 
ability should do well In treatmonls that provide extra support and guidance. 
In such a treatment, the regression of achlevornent measures onto general 
ability Is oxpocted to be relatively flat. In a dlscoverv-orlented treatment 
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thtit provides minimal guidance, steeper ronrosslon slopes are expoctod. 
If tho protest of this study Is taken as a measure of general ability In 
mathematics, the results contradict Cronbach and Snow's hypothesis. 

In tho present study, students with high orotost r.coros tondod to do 
buttor In tho MG group while tho protest did not soon to bo rolntcd to 
po^fornance In the LG group. This Interaction reached significance only 
on the Retention' Test, but the direction was the same on the Posttest. Tho 
Interaction can be Interpreted through the construct of crystallized 
Intelligence (GO, a dimension of general ability (Hattnll, |07|). 
School acfilevemont scores correlate well with GC and orotehts like tho 
ono used Inthe present* study are frequently used to measure this dimension. 

Since GC measures aptitude for learning In a school setting, It 
seenis reasonable that It should be a good predictor of achlevenont In the: 
HG group, where Instruction was more' similar to traditional expository 
mathomat I cs teaching. In the LG group, with Its uso of a non-traditional 
diricovory aopronch, there was no relationship between GC ond achloyrxmont. 

Based on the data from this study, It seems apDrooriate to hypothesize 
thot students high In GC wl I I do best In traditional expository settings, 
while students low In GC may do |ust as well In discovery as in exnository 
Instruction. In his recent papers. Snow (Note 4) has accumulated s\jb- 
stantlal evidence In support of this hypothesis, \ 

The original hypothesis that this study was designed to test Involved 
the Interaction of f leld-depondonce-indepcndonce and the level of gul\dance. 
V/hlle the Interaction due to GEFT scores that was expected did not occur, 
the slop6 for the LG group jon the Posttest was stoeoer than that for^ the 

■ ■ , ' ■ ■ 1 
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liri group, aii tho theorv prodlcts. This difforenco In slopes did not recur 
on tho Retention Test, howovor. 

Snverfjj things may hovo affected tho results. The GEFT scores wore 
skewed to tho left. . This would not be expoctod .ln tho population of , 
ijtjdontr; that nako ud these classes (prospective elbnentary school toachors). 
;.'lnc0 tho ' : FT did' not dlscrlmlnato well for the high scoros, this cduld 
oas I I V hrivfi affoctod the slope of the regression line. 

A r^econd factor was observed when exanlnlnq treatment materials. Prr*viou5 
wnrk with the Sprouts name, and In particular tho exerclso about Ruler's 

r 

forr.ula that was discussed with It, introduced a sot brenkinq factor which 
co'jid havo affocted tho si one of the reqresslon JIne for the LG nroup. In 
the LG qroijo, for oxanolo, pnlv four neople showed evidence of countlnq the 
nunbor of oven and odd vertices as was necessary in order to discover the 
rules on travorsabi I ity . Fourteen people counted vertices,, edrjes and/or 
facc-5 as vic)r> done In the work with Eulor's formula. This sot breakinq 
^ac^or appears to hfivo affoctod mainly middle- and h I qh-apt I tudo scorers 
and would appoar to contradict theory about f le I d-dependenco-l ndependence . 
It can bo speculated, however, that since the work with Euler's foVnula was 
In a highly discovery-oriented situatlon/that only hlgh-aDt Itude scorers 
discovered tho rule. Thus It created a set breaking problem only for them. 
This extra difficulty for hloh-apt Itude students could also have contributed 
to the direction of the Interaction with the pretest. 

Another problem with the study was the relatively low rel labl 1 1 tv of 
the Posttost and the Retention Test. The lack of rollablllty makes It more 
difficult to get a slqnif leant. Interaction: however, ft does not. affect 
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1he Intorprntntlon of ATI (Cronbach & Snow, 1977, p. 34). 

^ Since there were no Significant Interactions on the Posttest , It was 
appropriate tc tost for differences between the trealments. Usinn iUn Uio 
apt I tucJo' variables as covarlatesi, there was o significant diffnrencft hcrt..'oiv, 
the twn treatment groups with the more expository fir, Qroup gnttlnrj hlqhnr 
scores on the Posttost. As Is typical In studios of dlscovory lefirrinri, 
tho Initial advantage for more expository trcmtments on an Inmodlnto posttest 
hod disappeared by tho time of tho retention tont fivn wncikn latnr. 

, in sunnary, this study found a significant Interaction botwenn Protr.r;t 
nnd achievement scores that may be interpreted as an interact I on belv/Heri 
•crystallized Intelligence and treatments that differ in terms of traditional 
Gypository vs. non-traditional dlscovorv techniques. This interaction fits 
nicely into fha pattern of ATI with crysta I I L-:ed ao i 1 1 ty that Sno^, V.loie A) 
has recently Identified. The expected Interaction between f io I d-depondoncn- 
lndep:indencG and achievement failed to occur. However, dotailyd n:ioly:^ls of 
the dota revealed a number of trends consistent with the thoory of fibld- 
dcpendonce-indupendence. Further investigation of both aptitudos in 
future ATI studies seems appropriate. 
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Tfibin I 

Mo/infj nnd StwncJord Dovlntlnns for All Tostn 



Tost 

Lev/ Guldanco 
^ High Ouldcinco 
Bo'^h Groups 

'Low Gul danco 
HInh Gul donco 
Both Groups 

Posttest 

Low Ou I danco 
High Guidance 
Both Groups 

Rotentlon 

Low Gul danco 
High Gul danco 
Both Groups 



Mnxlfnun 
nosnibln 



Gcoro 



27 



10 



Ifl 



in 



Monn 

M. 16 
14.13 
14.14 

12.88 
1,1 .57 
12.26 

^. M 
10.98 
1.0.01 

9.27 
-9.93 
■ 9.59 



'it/init'^r'l 
Dovlrttion . 

4.12' 

5.06 

4-.56 

4.96 
'(.51 
4.77 

?.I3 
2.45 
2.46 

2.23 
2.63 
2.44 
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Table 2 

Correlation Matrix forA|| Tests 



Correlation 

Tost 12 3 4 

I. Pretest | .00 .30 .30 



2. GEFT 

3. f'ost fest 

4. Retention 



.30 

l.'^O .38 .36 

I .00 ■ .59 

I .00 



\ 
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Table 3 

Regression of Posttest and Retention Test 
on GJIFT and Protest for Each Trcatnont ' 



Test 

Low Gc! rinnco 
!il ;')h Gu I dar CO 
P*of*:intion 

Low Gul dance 
lUgh Qui dance 



I ntercept 

5.60 
7. 14 

7.37 

a\9B 



Regression Coefficients 
GEFT Protest 



.24 
.15 

.17 

.18 



.03 
.15 

-.02 
.20 
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Table 4 
Tests for Interactions 



Denondont ^ R" for Channe 

2 

v3n<it?lo full model Sourco in R 



Po.tfcGt .374 



Pretest X Treatment . 0.010 1.454 
GEFT X Treatment 0.003- 0.^3'1 



Re^orlt^on .245 



Pretest X Treatnf^nt 0.05fJ 4.5no« 
GEFT X Treatnent 0.000 0.000 



*p < .05 



r 
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ABSTRACT 

In order to test the hypothesis that field independence would interact 
with level of guidance, students in five mathematics classes were randomly 
assigned to. either a low guidance or a high guidance treatment group for a 
week of instruction. Both treatments used an inductive sequence of instruc- 
tion on the topic of networks. Students were assessed oii two aptitudes, 
field independence and general reasoning. Achievement was significantly 
better (p < .05) in the high guidance group than the low guidance group 
on both the Posttest and the Retention Test. No significant interactions 
with the aptitude variables were found. 
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Individual Differences in Cognitive Style and Discovery Approaches to Learn- 
ing Mathematics 

Attempts to adapt instructional treatments to student characteristics as 
•suggested by Cronbach (3) are known as Aptitude-Treatment-Interaction (ATI) 
studies. No single instructional treatment is likely to maximize achievement 
for all students; thus, instead of looking for one treatment, ATI studies 
attempt to match different instructional strategies with different student 
characteristics. This matching is difficult to accomnlish, but Cronbach 
and Snow in their complete review of ATI research (4) indicate that inter- 
actions do exist. Furthermore, these interactions have important implications 
for individualizing instruction. 

One variable used in several ATI studies in mathematics which have found 
significant interactions is the cognitive-style variable of field independence 
(6,7). Considered to be a rather stable trait related to the performance of 
cognitive tasks and to personality characteristics , field independence has 
received a lot of attention in educational research. When restructuring 
or reorganizing of the content is required for success at a task, field- 
independent students are expected to do better than field-dependent students. 
They are also expected to work more autonomously. Field-dependent students, 
on the other hand, are more adaptive than field-independent students in 
social situations which require interpersonal skills (12,13). 

It is hypothesized that differences between field-independent and field- 
dependent students are related to the level of gtiidance of instruction, an 
aspect of discovery -oriented instruction. Two studies (6,7) support this 
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hypothesis; field-independent students excelled in treatments that provided 
minimal guidance and maximal opportunity for discovery while field-dependent 
_A^^^"^?lP?^?9™^^ best in expository treatments which provided a great deal 
of structure. 

The purpose of the present study was to investigate further the effect 
of the level of j^idance on the learning of field-dependent students in in- 
ductive instruction. Two treatments were developed varying the level of 
guidance. It was expected that relatively field-dependent students would 
perform best in the high guidance treatment which provided guidance in the 
form of partially completed tables and rules, underlined definitions, and 
extra details in examples. Relatively field-independent students were expected 
to excel in the low guidance treatment. Thus, when achievement was regressed 
on field independence, the slope of the regression line for the low guidance 
treatment was expected to be greater than that of the high guidance, treat- 
ment . 
^tethcd 

Subjects " ' 

Students from five sections of a mathematics class for prospective 
elementary school teachers were randomly assigned to the two treatment 
groups within each section. About 18% of the students were men. 

Of the 99 students participating in the study, 38 were absent on one of 
the days of the treatment or on days used for aptitude testing or retention 
testing. The treatments did not appear to influence the rate of absenteeism 
in any way. Of the 61 students for which complete data were obtained, 36 
were in the low guidance group and 25 were in the high guidance group. 
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Treatments 

Materials from an eai^ier study on networks (1) were expanded to include 
the ^concepts and applications of equivalent networks, t ravers ability of net- 
works, and separating edges; Euler's formula; and other related topics. Both 
treatments used an inductive sequence of instruction, presenting examples and 
then having students generalize rules about the concepts* The treatments 
covered the same content, u6ed the same examnles, and included about the same 
amount of practice. In the high guidance materials, partially completed 
tables and rules were included, definitions were underlined, and greater 
detail in the examples was used. No underlining was used in the low guidance 
materials and students were expected to make their own tables and discover 
their own rules. 
Tests 

A version of the Hidden Figures Test (HFT) was chosen as the inej • of 
field-dependence-independence for this study. This test was aiapted from the 
original publicr.tion of the Educational Testing Service (S) for use in the 
National Longitudinal Studv of Mathematical Abilities (NLS?1A). The appropriate 
NLSMA reports (8,11) provide greater detail about this test. In this study, 
students were allowed 15 minutes for the test rather than 10 minutes as 
used in the NLS^fA studies since NLS^iA data indicated that the test statistics 
were influenced by a speed factor. 

The total score (verbal plus quantitative) of students' SAT scores was 
used as a measure of general ability when it was available (N « 34) . Since 
many students had not taken the SAT, the Necessary Arithmetic Operations 
(NAO) test was administered and used as a second measure of general ability. 
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Although the NAO test is considered a measure of general reasoning (5), it 
correlates well with general ability in mathematics (9). 

The Posttest and Retention Test each consisted of 20 multiple choice 
questions. Students were allowed 15 minutes for each of these tests. The 
KR-20 reliability coefficients for the Posttest, Retention Test, NAO, and 
HFT were .66, .74, .76, and .83, respectively. 
Procedure 

Students and the two instructors were randomly assigned to treatment groups 
for each of the five sections participating in the study « One instructor had 
three low guidance and two high guidance groups; the other instructor was 
assigned the alternate groups. Two of the classes were morning classes and 
two were afternoon classes; they met twice a week for 75-minute periods. The 
other class met in the afternoon for 50 minutes three times a week. 

The treatments were completed by the stuHents during the last half of the 
semester and were included in the class as part the regular course work. 
Students were told that they wo%ld be working on a unit not included in 
their text and that the class would be split into two groans for the week of 
instruction. The instructor and students assigned to the high guidance treat- 
ment went to the mathematics laboratory to work on the materials while the 
low guidance group remained in the regular classroom. Students were encouraged 
to work independently and to direct their questions to the instructor. They 
were told that they were to turn in their papers at the end of the period 
and that their answers would be checked. Papers were returned at the next 
class meeting with comments marked on them about errors and with suggestions 
on how to look for the correct answer. 
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At the end of the week of instruction, students were given a 15 -minute 
multiple choice posttest. The majority of the students did not complete all 
of Che material in the treatments and students were not given time to review 
prior to taking the Posttest. 

The Retention Test, which was identical to the Posttest, was administered 
four weeks after students comrileted the treatments. Students took the HFT 
immediately after the Retention Test, and the NAO was administered at the 
end of the semester. 
Results 

Descriptive statistics are presented in T^^les 1 and 2. Table 1 includes 
the means and standard deviations for all tests. Table 2 ^resents the 
correlation matrix for all tests. 



Insert Tables 1 and 2 about here 



As suggested by Cronbach and Snow (4), scatterplots of each aptitude 
variable with both the Posttest and the Rcjtention Test were examined to de- 
termine wheu;;:?r or not the linear model was appropriate. It was concluded 
that the linelnTmodel could be used. Analyses of the data treating the Post 
test and the Retention Test as separate dependent variables were completed 
using multiple regression techniques. The full model included vectors for 
field independence, general ability (NAO scores or SAT scores), treatment, 
and .the interaction of each antitude variable with the treatment. When NAO 
scores were used, complete data for the model were available on 61 subjects. 
MVhen SAT scores were used, this number was reduced to 34. 
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In all analyses for the full model, the general ability vector was entered 
first, then the field-independence vector, followed by the treatment vector. 
Each interaction vector was then tested to see if it made a significant con- 
tribution when added to the model. If there were no significant interactions, 
treatment effects were checked by dropping = the treatment vector from the 
model. 

Tests for Interaction and Treatment Effects 

Tables 3 and 4 report the regression equations for each group and the tests 
for interactions using HFT and NAO as predictors. Since there were no signi- 
ficant interactions, treatment effects were checked and found to be signi- 
ficant for both the Posttest. FC1.57) « r4.460. < .001, and the Retention 
Test, F(l,57) = 12.891, p < .001. 



Insert Tables 3 and 4 about here 
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Further analyses of the data were completed using HFT as the only predictor 
and using SAT scores as the measure of general ability with HFT instead of 
NAO. In all cases, the interactions were not significant, but the treatment 
effect was. Class effects were also checked as suggested by Cronbach (2). 
No consistent pattern of differences in regression slopes occurred. 
Discussion^ 

This study tested the hypothesis that the cognitive ityle of field' 
independence would interact with treatments that differed in level of guidance. 
The expected interactions did not occur. Although the slopes for HFT were 
slightly greater for the low guidance group than for the high guidance group 
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as predicted, they were not significantly different and were in the same 
direction as those for general ability as measured by the NAO. The slopes 
for^NAO were greatest in the low guidance treatment supporting the interpre- 
tation of NAO scores as a measure of general ability. 

Several authors have discusse^d the difficulty in distinguishing between 
measures of field independence and general ability (4,12). This difficulty 
may be particularly important when dealing with geometric topics such as 
those used in this study. In ATI studies where the geometric treatment and 
the aptitude measure for field" independence depended on the same ability for 
completion, slopes tended to be relatively steep in both treatment groups 
(1,10) just as if the aptitude were general ability. In contrast, when 
treatments using^an arithmetic topic were-^used, there were substantial 
differe^nces between slopes when achievement was regressed on field indepen- 
dence (6,7). In particular, the slope of the regression line in the high 
guidance^ treatment tended to be close to zero, or even negative in some cases. 
Therefore, it appears that tests like the HFT behave like general ability 
when the treatments cover geometric content and like field independence when 
the treatments present arithmetic concepts. . = 

In the present study, the possibility of finding an ATI was made more un- 
likely by the presence of a substantial treatment effect. The achievement 
scores in the high guidance group were consistently greater than in the low 
guidance treatment. The topic appeared to be too difficult for these parti- 
cular students to master without a substantial amount of guidance. Also, 
the students involved in this study tended to be relatively field dependent, 
as is generally the case for prospective elementary school teachers (13). 
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As a result, most of the students had a cognitive style that was not well 
suited to the low guidance treatment. If the same treatments Were used with 
students that were, on the average, more field independent," then an ATr 
would be more likely to occur. 

In summary, the cognitive style of field independence kid not interact 
with the level of guidance of instruction in this study, even though such an 
interaction has occurred in other studies using different content.' Further 
research on interactions with cognitive style seems warranted. 
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NOTE 

.This report is based \ipon work supported by the National Science Founda- 
tion under Grant No. SED 77-18531. Any opinions, finding, and conclusions 
expressed in this report are those of the authors and do not necessarily 
reflect the views of the National Science Foundation. 
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Table 1 -Means and Standard Deviations of All Tests for Each Treatment Group 



Test 
HFT 

Low Guidance 
High Guidance 

NAO 

Low Guidance 
High Guidance 

Posttest 

Low Guidance 
High Guidance 

Retention 

Low Guidance 
High Guidantt; 



Maximum 

Possible 

Score 



16 



30 



20 



Mean 



5.0 
5.9 

14.1 
13.9 

7.4 
10.2 

5.8 
8.4 



Standard 
Deviation 



3.4 
3.7 

3.8 
3.6 

2.5 
3.2 

2.7 
3.1 



Number 
of Cases 



39 
32 

36 
25 

39 
32 

39 
32 
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Table 2-CorTelation Matrix for All Tests 



Correlation 

Test 12 3 4 



1- HFT 1.00 .23 .28 .20 

2. NAO 1.00 .34 .44 

3. Posrcest 1.00 .81 

4. Retention 1 . 00 
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Table S-Regression of Posttest and Retention Test on HFT and NAO for Each 
Treatment 



Regression Coefficients 
Intercept HFT NAO 



Posttest 

Low Guidance 1.59 .is 

High Guidance 7.85 .13 
Retention 

Low Guidance -.43 ^jq 

High Guidance 3.62 .02 
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.36 
.10 

.40 

.32 



Individual Differences 

16 



Table 4-Tests for Interaction 



Dependent 


i for 




Change 






Variable 


Full Model 


Source 


in 


F 


P 


Posttest 


.352 


HFT 


.002 


.128 


.722 






NAO 


.023 


1.988 


.164 


Retention 


.357 


HFT 


.003 


.262 


.611 






NAO 


,003 


.274 


.603 
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Runnina head: The Interac on of Field Independence 



This report is based upon work supported by the National Science 
Foundation under Grant No. SED 77,18531. Any opinions, findings 
ana conclusions expressed in this report are those of the authors 
and do not necessarily reflect the views of the National Science 
Foundation. 

Presented at the Annual Meeting of the National Counci /of Teachers 
of Mathematics, Boston," April 1979. 
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Abstract 



This study tested the hypothesis rhnt the cognitive style of field 
independence would interact with treatments that differed in the use of 
small groups as opposed to individual instruction. Students (N = 111) 
were assessed on ""ield independence and general ability and randomly 
assigned to treatments for a week of instruction. Achievement was measured 
by an immediate posttest and a delayed retention test, and student ratings 
of instruction were obtained. There was a significant (£. -OS) inter- 
action with measures of field independence when achievement was the 
dependent variable, but not when student ratings were used. However, the 
interaction appeared to be due more to general ability than to cogn .Live 
style. Also, students gave significantly higher ratings to small-group 
instruction. 
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The Interaction of Field Independence with 
Small Group Instruction in Mathematics 

Research on mathematics teaching indicates that no one instructional 

treatment is likely to maximize learning for all students • Instead of look- 

i 

ing for a single treatment that will be best for all learners, Cronbach (3) 
has suggested that different instructional strategies should be used for 
students with different characteristics. Attempts to adapt instructional 
treatments to student characteristics are known as Aptitude-Treatment-Inter- 
action (ATI) studies. 

A complete review of ATI research has recently been completed by 
Cronbach and Snow (4), Although there have been many difficulties in con- 
'ducting ATI studies, Cronbach and Snow conclude that interactions do exist 
and that ATI research has important implications for individualizing 
instruction • " 

Recently several ATI studies in mathematics have found interactions using 
the cognitive-style variable of field independence (8,9). Field independence 
is a rather stable trait that is related to both the performance of cognitive 
tasks and to personality characteristics. Field-independent students tend 
to. do well at tasks that require restructuring or reorganization of the 
content, especially if the content deals with mathematics or scie^v ' y 
also. seem to have more personal autonomy than field-dependent stua 
Ficld-depondent students, on the other hand, arc more adept in social 
tions where they seem to exhibit greater interpersonal skills. HoweVvjr, they 
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have more difficulty with tasks that require restructuring ability (15.16). 

These differences between field-indopcndent and field-dependent students 
soem to be related to performance in discovery-oriented instruction. For 
example, in two studies (8,9) there was a significant interaction between 
field independence and the level of guidance of instruction. Field-independent 
students excelled in the treatment that provided minimal guidance and maximal 
opportunity for discovery. Fie Id -dependent students, however, learned more 
in an expository treatment where lots of structure was provided. 

In addition to its interaction with level of guidance, field independence 
seems to be related to the use of small-group instruction. Cognitive-style 
theory suggests that field-dependent students should leim more in a small- 
group setting, where their greater social skills would be an advantage. 
Field-independent students, on the other hand, would be expected to excel 
in individual work, while learning in a small-group setting might hold them 
back. Some support for this hypothesis comes from studies (4,6,7) where 
more student discussion seemed to help fie Id- dependent students. In those 
studies the treatments used an inductive sequence of instruction, or guided- 
discovery methods, and encouraged student discussion of the problems. 

The purpose of this study was to investigate further the effect of 
social interaction on the learning of field-dependent students in inductive 
instruction. Treatments differed in their use of small-group as opposed 
to independent work. The hypothesis to be tested was that these treatments 
would interact with measures of field independence. Field-dependent 
students were expected to do better in small-group instruction, while ' 
field-independent students might be held back by small-group work. Also. 
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fiold-depondont students wore oxpcctod to have a morn ponUlvo attitude 
toward small-group instruction, whilo individunl instruction was thoufiht . 
tq bo preferred by f iold-indupcndt?nt students. 

Method 

Subjects 

The participants in the study caino from five sections of a mathematics 
class for prospective elementary scliool teachers. As is typical of these 
classes, the majority of the students were women; only 13% were men. 
Originally, 111 students completed the treatments and took the posttest. 
However, some of the students were absent on the day of retention testing 
or missed one of the days when the aptitude tests were administered. As a 
result, most analyses were done on 92 subjects, 49 in small groups and 43 
in individual instruction. Treatment differences did not seem to be related 
to student absenteeism. 

Materials > 

Both treatment's, used the same'written material; they differed by having 
students work individually or in ^mall groups. The unit presented a variety 
of concepts related to the study of networks, including equivalence of net-^ 
works, traversability and its applications , Euler's formula, and related 
topics. The unit encouraged students to make discoveries through its use 
of an inductive sequence of instruction, presenting first a number of 
examples from which students could then generalize to obtain a rule-. 

Students were assessed on field indep0nden':c using the Hidden Figures 
Test (HFT) and the Group Embedded Figures Te3.. ' fW Vi.c version of the 
HFr that was used (Hidden Figures 2-Form 271) was adapted by the National • 
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LonRitudinal Study of Mathomatlcal AbUitlos (NLSMA) from tlio original 
published by the nducationnl Tosti|iji Servjlco (5). For a complete discussion 
of this version of the UIT^.soo the appropriate NLSMA roportii. (10,14). 
Students were allowed IS minutes to complete the test-. 

The GliFT (17) is recommended by Witkin and his colleagues as the host 
measure of field independence. In the present study, the combined score 
for the last two sections of the fJEFT was used as the student's score. 
Students were allowed four minutes for each section. The use of two measures 
of field independence is in line with recommendations by Cronbach and Snow 
(4) for multiple assessment of aptitude variables. 

Two measures of general ability were included in the study. SAT scores 

were obtained from the university records (with student^approval) and the 

\ 

total score (verbal plus quantitative) was used as a measure of^'general 
ability. Since many students had never taken the SAT, second test, 
Necessary Arithmetic Operations (NAO) , was administered to all studpnts. 
The NAO test is believed to measure the aptitude' of general reasoning (5), 
but it also correlates well with general 'ability in mathematics (11). 

A 19-item postt?s^ Was used' to measure student achievement; 15 minutes 
were allowed for this test. The same test was readministered later to 
assess retention. The KR-20 reliability coefficients were .68 for measures 
of student achievement and around .80 for the aptitude tests. 
Procedures - • ' ' ' 

During the first week of the semester students took the HFT and NAO 

tests. The study was conducted six weeks Inter, and retention testing 

' . i 

occurred eiglit weeks after instruction. The CBFT was administered at the 
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tlmo of retention tostinfj. 

Within each section, subjects were randomly assifjnod to oitljcr smftU-Rroup 
or independent instruction. The only difference between the two treatinent 
groups was that in one, the students were assigned to work In , n or 
four, and in the other students were asked to work independt. T\\o 
small -group treatment was conducted i^he mathematics laboratory, while 
the students who worked independently stayed in the regular rlns,sr:?om. Four 
of the sections met twice a week for 75-mxnute porio(Js apr\ '^ne section met 
three times a week for 50-minute periods. 

After students were randomly assigned to treatment groups, students were 
assigned to small groups according to their scores on a'measure of field 
independence, the HFT. Each small group contained one student from the 
highest quartile, one from the lowest quartile, and two from the middle 50% 
of the scores. This kind of heterogeneous grouping tends to promote higher 
overall achievement (13). 

The two instructors were randomly assigned to treatments for each section. 
They told the students that they were to'try to discover rules concerning 
networks by working through the written materials. Students working 
individually ^were told to work by -themselves and if they needed help to ask 
the instructor.. Students working in ^mall groups were encouraged to work 
together page-by-page and help each other clarify points as they came up. 
If the group could not figure sometJjing out, ^hen they were to ask the 
instructor for help. The instructors answered questions by encouraging 
students to look for patterns and to mnke discoveries. 

'A week of class time was used by the students to complete the treatments 
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nnd to tnko tho posttest. Most students were not able to comploto tho 
material in tho time nl lowed. Ton minutes prior to the IS-minuto posttost, 
students were told they wo. d be taking n quiz nnd that they could take a 
few minutes to look through the nrntet'ials to review what they had covered. 
After the quiz, students were asked t;o rate the instructional unit on a - 
scale of one to five, and to write any comments about the unit that they wished. 

There were no major difficulties in carrying out the treatments as planned. 
However, in the small-Rroup treatment; slower students sometimes had trouble 
keeping up with the pace set by their g^oup. In individual instruction^ the 
students were able to set their own pace. But students in the individual 
treatment asked for much more help from the teacher, while tho small groups 
seemed to resolve all of their questions themselves. An unexpected event 
that occurred during the treatments was a city-wide blackout that left the 
last class of the day in complete darkness for a few minutes until .the tea5;her 
could find a classroom with, natural liRhting. AlthouRh this blackout was a 
surprise to both the students and the teachers, there appeared to be no 
differences in achievement in that class.. 

Results 

Table 1 presents descriptive statistics for each aptitude and achievement 
measure in each treatment group. small-Rrout) instruction aud individual in- ' 
structibn. The correlation matrix is found in Table 2. 



Insert Tables 1 and 2 about here 
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The data were analyzed using multiple regression techniques (4), and the 
posttest and retention test were treated as separate dependent variables. 
For the main analyses, the full model included vectors for field independence, 
general ability, treatment, and the interaction of each of the aptitude 
variables with the treatment. The aptitude vectors were entered in the 
regression first, followed by the treatment • Then each interaction vector 
was tested to see if it made a significant contribution when added to the 
model. If there was no significant interaction, then the treatment vector 
was dropped from the model to see if there were significant treatment effects. 

Data analyses were run with HFT or HEFT as the measure of field independeni 
and with NAO or SAT used as an indicator of general ability. When NAO was 
used, complete data for the model were available on 92 subjects. Mhen SAT 
was used, this number was reduced, ti? 53. ^ 
Tests for Interaction 

Table 3* presents the regression equation for each treatment groun. The 
tests for interaction, using HFT and NAO as predictors, are presented in 
Table 4. The initial repression analysis used HFT scores, NAO scores, and 

the treatment vector to predict, the posttest scoTres. When the HFT interaction 

— - 2 
vector~^was added. to this model, ^ increased by .047; this increase was 

significant, F(l, 87) =^Tl6^-2. "^^^^ indicated in Table 4. The 

NAO interaction vector did not cause a significant increase in by itself 

(see Table 4), but when HFT and NAO vectors were both added to the model, 

their joint effect was again significant, F^(2, 86) = 3.58, = .032. None 

of the interactions was sif^nificant. on the retention test, although the 

regression coefficients were still larger for the small-group treatment. 
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Insert Tables 3 and 4 about here 



Mhen the data were analyzed again using the HEFT as the measure of 
field independence/ none of the interactions was significants The regression 
coefficients still were larger in the small-group treatment, but the differences 
were less pronounced. 

Further analyses of thii data were completed using SAT scores as the 

measure; of general ability. As Table 5 indicates, the same pattern continued 

with the regression coefficients, which were always larger in the small-group 

treatment. However, this time there was no significant interaction on either 

the posttest or the retention test (see Table 6). For example, when the HFT 

interaction vector was added to the model ifter the HFT scores, SAT scores, 

2 

and treatment vector, the increase in was .030, fjil, 48) = 1.96, £^ = .168. 

"""^ 

Insert Tables 5 and 6 about here 



Since there were only 53 subjects in the analysis presented in Table 6, 
it seemed likely that the drop in the number of subjects could have caused 
the disappearance of the significant interaction with HFT on the posttest. 
Therefore, a number of regressions were rim with a single aptitude variable 
and with just the 53 subjects on which SAT data were available. These re- 
gressions included only one aptitude, the treatment, and the corresponding 
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interaction vector. In this situation, the interaction with HFT on the post 
test was still sipiificant, F(l, 49) = 4.33, p = .043. Moreover, on the re- 
tention test, the interaction vector also contributed substantially: For 
GEFT, F(l,493 = 4.11, p = .048; for SAT, F(1 .493 = 3.77, ^ = .058; and for 
HFT, £(1,49) = 2.90, ^ = .095. However, when the two aptitudes (fielld inde- 
pendence and general ability) were combined in the same regression equation, 
none of the interactions was significant. 
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Regions of Significance 

Since there was a significant interaction with HFT on the posttest, the 
Johnson-Neyman technique (1)* was used to calculate the regions of significant 
differences between the treatments. For this analysis,, the HFT scores were 
used as the only predictor in each treatment group. With 92 subjects, the 
slope was .55 for small-group instruction and .15 in the individual treatment. 
This difference in slopes was significant, F(l,88) « 6.87, 2.* ^010. Using 
a level of significance of .10, small-group instruction was significantly 
better for students with HFT scores of 13 or more, and individual work was 

^o'^ st"^e"^s with HFT scores of 5 or less. Approximately 50% of the 
students had HFT scores in these two regions, almost all of them in the lower 
region. 

Student Ratings 

Students were asked to rate the unit on networks, and further analyses 
were conducted using these ratings as the dependent variable. There were 
no interactions with either field independence or general ability in these 
analyses. However, there was a consistent treatment effect, with most 
students giving higher ratings to small -group instruction., For example, when 
HFT and SAT were used as aptitudes (covariates) , the treatment vector was 
significant, F^(l,45) = 5.547, 2.= .023. In other analyses of student ratings, 
the JF ratio for the treatment effect was even larger. 
Other Analyses 

Following Cronbach and Snow's recommendations (4), scatterplots of each 
aptitude variable with both the posttest and the retention test wero 
constructed. Inspection of those scatterplots indicated that the linear 

too . ' : 
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model was appropriate. 

Cronbach (2) has pointed out that teacher and ^^ass effects cbji be 
crucial in ATI research. In this study, however, there was no evidence of 
any differences due to the two teachers who conducted the treatments. 
Similarly, Q,ther multiple regression analyses revealed no significant 
differences due to the effects, of the student's classroom. 

Discussion 

This study tested the hypothesis that the cognitive style of field 
independence would.. interact with treatments that differed in the use of sma 
groups as opposed to individual ' instruction . This interaction was expected 
to occur in both the assessment of student achievement and in the student 
ratings of the instructional unit. 

KTien achievement was the dependent variable, there were significant 
interactions with field independence that appeared in the data. However, 
these interactions were in the opposite direction from the predictions of 
cognitive style theory. The interactions with field independence were in 
the same direction as the interaction with general ability, as measured by 
SAT scores. ' And when S^T scores were included in the regression along with 
measurements of field independence, all interactions disappeared. As a 
result, it seems reasonable to ^conclude that the interactions that occurred 
were un'^table and probably not due to field independence. Instead, they 
should be attributed to general ability and viewed with isome caution! 

Close inspection of the data provides support for attributing the 
interactions to general ability. .Students in the smal 1 -group tre-sitment 
who scored well tended to have taken more mathematics courses than other 
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stxidonts. This trend was less evident in the Individual treatment, where 

low-ability students got more help from tho teacher. 

'J 

Although there wdre very different patterns of social interaction in 
the two treatments, that difference did not appear to be related to tho 
significant ATI that were identified. Instead, the relevant differences in 
the treatments seemed to be the level of guidance obtained from the teacher 
In small-group instruction, the students expected and received all of tlieir 
guidance from the printed materials and from fellow students. Low-ability 
students sometimes did not get the help that they needed in the small 
groups since the majority af the group was frequently more interested in 
pushing ahead quickly than in helping other members understand the concepts 

hTiile some low-ability students appeared to receive insufficient help 
from the small groups, students who worked individually requested and 
'received help from the teacher. These differences in the nature of the 
support provided to students appeared to cause the ATI with general ability 
and with measures pf field independence. The direction of the interactions 
was the same as for most ATI with general ability (4). 

Although small-group instruction did no^ help students learn any more 
overall, they clearly gave it higher ratings than individual work. Even 
here, though, the results are tempered by obsenration of the groups them- 
selves. * Most ' students certainly did give higher ratings to small-group 
instruction, but there were a number of students who gave " s very low 
ratings. Usually these students worked more slowly than the rest rof the . 
group and got too far behind to profit from the group discussion. 
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Occasionally students hnd difficulty keopinfj up bocauso thoy spoke English 

• • * • *• . 

as a second language. Those types of students seemed more comfortable Work- 
ing individually. 

• The difficulty of distinguishing between field independence and general 
ability has been noted by , a ,]:iumber of authors (e.g., 4), and Witkin dnd his 
colleagues are also concerned about this problem (15). They hope to 
idevelop new instruments that will make it easier to separate field independen 
from general ability, as well as from fluid and general visual ability (II). 
The difficulties involved in interpreting these aptitudes seem to be parti'- 
cularly crucial in instruction on geometric topics'. When the aptitude 
measures (such as HFT and GEFT) depend on the same ability that is needed 
for the geometric treatments, the slopes tend to be relatively steep in 
both treatment groups (12). Therefoic, it is difficult to produce the kind 

of ATI effect that was predicted. 

; 

The use of small groups represents an important instructional variable, 
but conducting research on this variable is difficult. One of the' difficulti 
is statistical; as Cronbach (2) points out, it is very difficuLft to separate 
the effects of the treatment from the effects of the different -small groups 

• / 

themselves. Other difficulties include controlling student *and group 
characteristics, as well as the nature of the social interaction in the 
groups (13). Even though it is difficult, further research is needed to 
clarify the effects of small-group instruction.. 
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Monns, Stnndard Devintlona nnd Number of Cnsos for AU Tests 



Tost 



HFT 
Small groups 

Individual 

GEFT 
Small groups 
Individual 

NAO 

Small groups 
Individual 

SAT 
Small groups 
Individual 

Posttest 
Small groups. 

Individual 
Retention 
Small groups 

Individual 
Evaluation 
Small groups 
Individual 



Maximup^ 

possible 

score 



16 



18 



30 



1600 



19 



19 



/ 



Mean 



S.S 
5.9 

10.6 
10.6 

14'. 6 
14.5 

> 

891 
868 

8.8 
9.0 

6.3 
6.3 

3.8 
3.0 



Standard 
deviation 



,3.4 
3.6 

S.2 
3.9 

4.4 
3.9 

181 
116 

3.l' 
2.8 

3.3 
3.0 

1.2 
1.2 



Number 
of cases 



57 
55 

50 
44 

57 
55 

33 
34 

7 

57 
54 

49 
44 

52 
48 
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I Covrolntion Matrix for AU Tosts 



Test 



Corralntlon 



1. "H' 1.00 ^.,52 

2 . GEFT 1 . 00 

3. NAO 

4. SAT 

5. Posttest 

6. Retention 



3 


4 


5 


6 


.40 


,36 


.43 


.51 


.42 


.59 


.45 


.40 


1.00 


.56 


.50 


.34 




1.00 


.43 


.37 




1 


' 1.00 


.71 








1.00 
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Table 3 

Regression of Posttest and Retention Test on Two Predictors 

for Each Treatment 



Regression coefficients 



Test 


Treatment 


Intercept 


HFT 


NAO 


Posttest 


Small groups 


2.06 


.38 


.29 




Individual 


6.55 


.07 


.16 


Retention 


Small groups 


1.52 


.45 


.15 




Individual 


4.12 


.36 


.01 



71 
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Table 4 

Tests for Interaction with HFT and NAO 



Dependent for Source of 

a 

variable full model interaction F_ 2. 



Posttest .366 HFT 

NAO 

Retention .293 HFT 

NAO 



6.36 .013 
3.48 .065 
.99 .323 

1750 t224- 



^Degrees of freedom are (1,87) in each case. 
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Table 5 

Regression of Posttest and Retention Test on Field 
Independence and General Ability 









Regression coefficients 


Test 


Treatment 


Intercept 


HFT 


SAT 


Posttest 


Small groups 


2.10 


.29 


.0060 




Individual 


^ 6.70 


.03 


.0030 


Retention 


Small groups 


-.01 


.38 


.0055 




Individual 


6.12 


.18 

-i. 


-.0009 
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Table 6 

Tests for Interaction with HFT and SAT 



Dependent 
variable 


2 

for 
full model 


Source of 
interaction 




L 


Posttest 


.266 


HFT 


1.96 


.168 






SAT 


.98 


.326 


Retention 


.315 


HFT 


1.54 


.221 






SAT 


2.51 


.120 


^Degrees of 


freedom are Clj48) 


in each case. 




- ■ V— ■ 



APPENDIX E 



Individual Differences in Mathenatics Learning through Personalized Syst 
of Instruction 

Douglas B, McLeod 

Vema M. Adams - 

San Diego State ijniversity 



Running head: Individual Differences in Mathematics Learning 



Individual Differences 
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ABSTRACT 

Individual differences in general ability, locu;-> of control, and field 

independence were investigated amonp: 121 collej^e students enrolled in ' 

either Personalized Systems of Instruction (PSI) or Igcture sections of 

a course in intermediate algebra. At the end of one semester, there were 

no significant aptitude -treatment interactions; however, the PSI approach 

seemed particularly effective for students who were low in general ability 

and who had an internal Lvjus of control. Final exam scores, were signi-; 

ficantly higher Cp < .05) in the PSI group when field independence and ' 
^» 

locus of control were used as covariates, but not when general ability 

" I"" • *■ 

was entered in the regression. 
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Individual Differences in Mathematics Learning through Personalized Systems ^ 
of Instruction 

The imnortance of individual differences in learning is frequently over- 
looked in the evaluation of a new instructional stratc^v. Instead, researchers 
tend to emphasize the overall effect of the stratej^y compared to other 
instructional techniques. This haF^beeTntrue- ofLjre^earc^ on the effective- 
ness of . Personalized Systems of Instruction (PSI) . ^ 
PSI is characterized by self-pacing, frequent .testing; , immediate feed- 
back, a unit-mastery requirement, and the availability o'f tutors. Recent ^ 
reviews (5, 10) suggest that PSI is generally superior to lecfure-discussion . 
approaches, although differences in the rate of withdrawal in the two types 
of instruction raise questions about the superiority of PSI classes for at 
least some students. ^ 

^hr -irhe-searcK-^or wnys to ontimiziJ^achieyement , it^seems^ reasonable Jto^^ 

try to identify students who are most likely to succeed in PSI courses and 
to separate them from students who may do better in a lecture-discussion 
approach. The attempt to identify characteristics of these different types 
of students is part of Antitude-Treatment-Interaction (ATI) research . ATI 
research, generally viewed as an outgrowth of the work of Cronbach (2) , has 
turned out to be quite difficult. Many studies have not found the pre- 
dicted interactions. Nevertheless, in a recent review of the field, 
Cronbach and Snow (3)- report a number of interactions that show promise and 
confirm the irrnortance of ATI research. 
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A number of ATI studies have been conducted using PSI as on? of the 
treatment dimensions. -Some of these (7. 8, 9) have found support for an 
interaction with general ability as the aptitude, but the evidence is not 
yet conclusive (4) . The nature of the hypothesized interaction with PSI is 
similar to other interactions with general ability (3); low-ability students 
seert to profit mo7:e from the extra support and individual help that they 
can obtain in a PSI. setting, and high-ability students do equally well in 
"either type of instruction, 

Although the relationship of general ability to PSI is important, there „ 
are other characteristics of students that also seem relevant to student 
perforrnance in PSI courses. For example, several studies (10) have found 
interesting relationships with Rotter's locus-of-control variable (6, 12). 
According. -to Rotter's theory, individuals who perceive re in,f or cement as the 
result of their o\^ behavior are said to have an internal locus of control; 
those who believe that their success or failure is due to luck, fate, or 
-Qth^T^ pp"P^p-^r ^— '^^^^^ have an e xternal locus of control. 

The relationship of locus of. control to PSI instruction in mathematics 

'has not been established. However, it seems reasonable to hypothesize that 

.. ' '' ... ■ - • 

students who are more internal should be matched witfi PSI instruction", where 

thie^ are expected to take more of the responsibility for their own learning. 

Students with a more external orientation should find that the traditional 

lecture-discussion approach is more appropriate ^ for them. 

' Another variable th'at'may be related to PSI is the cognitive style of 

field independence (16, 17). 'In the latest revision of cognitive-style 

theory, field independence is characterized as autonomy of external referents,. 
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This autonomy is expressed in terms of two different types of ability, re- 
structuring and interpersonal competencies. Field-indenendent students have 
greater personal autonomy and they tend to do better at tasks that require 
them to restructure problems independently. Field-denendent students are 
less autonomous, but appear to get along better with others in group 
situations. 

These differences in cognitive style may also be related to PSI. It 
seems reasonable to hypothesize that field-independent students should be 
more suited for PSI instruction, where they work more independently, while 
field-dependent students are likelv to do better in the more traditional 
social setting of the lecture-discussion classroom. IQ'fhough field-dependence- 
independence and locus of control are similar in. certain respects, they are 
not highly correlated and should^be^treated as different variables (6). 

The pumose of this study was to identify indivicllial"~~difference variables 
that might interact with mathematics instruction using PSI or lecture-dis- 
cussion approaches. Individual differences in general ability, field 
— ^^^^ependence^ ^amLlqcus of control were of primary interest. Also, differences 



in field independence and loqus of control appear to be sex-related in at ,^ 
least some studies, so sex wis also included as a predictor variable. 
Dependent variables -included both achievement and rate of withdrawal from 
the course ;c 



Method 
Subiects 



'participants included 12r^col lege students who were registered in, Inter- 
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mediate Algebra, a regular course offered hy a larjje state university. All ^ 
Students were enrolled in nwminjy classes , with 55 in PSI and 66 in the 
lecture group. Each of the two treatment groups was about evenly divided 
according to sex; 48%. of the students were female. 
Materials * ' , 

The two treatment groups used the same textbook; in addition, the PSI 
group received supplementary study guides to assist them in working independently. 
The same final exam was administered in both groups; it was a 50-item multiple 
choice test that was generated from a computerised test bank. The test was 
graded by machine. 

Students who did not take the final exan were counted as haying withdrawn 
from the course. Therefore, the rate of withdrawal was measured by noting 
whether or not a student took the final . 

Field independence was assessed using the Hidden Figures Test (IIFT) as 
adapted by the National Longitudinal .Study of Mathematical Abilities (NLSMA) . 
For a detailed description of this test, see the . appropriate NLSMA reports 
(11, 15). In this studv the KR-20 reliability coefficient for the HFT was 

-^-31-,^- : ^ • ^ . 

Rotter's locus of control dimension was assessed .with the Mathematics ' . 
Achievement Questionnaire OlAQ) ,^ a test based on an earlier instrument de- . 
yeloped by Crandall , Katkovsky , and Crandall (1) . As Rotter (13) and ' . 
Lefcourt (6) point out, the usual measures of locuis of control are broad 
in scope and may not be appropriate for classroom research carried out in 
a particular subject such as mathematics. Therefore, they recommend the ... 
development of more specific measures of locus of control. The M\Q is one . 
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such instrument; it deals with .the participants* views on mathematics, mathe- 
matics teachers, and fellow students in mathematics classrooms. The KR-20 
reliability coefficient for the *1AQ was .60, which compares favorably with 
the reliability estimates for other personality measures, includihtr those 
of Rotter (12) • ' , 

Procedures 

On the first day of class, students in both types of instruction (PSI and 
lecture) were invited to participate in the study. They were asked to sign 
a consent form that would allow the university to release student SAT scores 
for usiB in this study; most of them did so, /Then the HFT and MAQ were 
administered, allowing 15 minutes for each. 

After the first day, the students in the PSI group worked at their own 
pace following regular PSI procedures. The students iii the lecture grouo 
were expected to attend class regularly. The teacher for the two lecture 
classes, an experienced graduate teaching, assistant , follbwed the typical 
mathematics classroom sequence'. First , students were encouraged to ask 

. questions over the previous material j this was followed^ bv a lecture and^ 
discussion of. new material, along with a specific assignment "for the next 

—Class . ' ' • 

At the end of the semester, both groups took the same final exam at , 
the same time,. except for a few istudents in the PSI group who were allowed 
to finish the course and the final exam early. 

■ ■ ■' I - • 

Re 5ults 

Table 1 presents the descriptive statistics for ail tests, and Table 2 
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includes the correlation matrix. The two treatment groups appeared to he 
about evenly matched; there were no significant differences between the 
treatment groups on any of the aptitude measures, although scores for the 
PSI group tended to be slightly higher in all cases. The withdrawal rate 
was somewhat higher, in the PSI group, where S8*o of the students dropped out 
before the final exam; in the lecture group, the corresponding fijnJre was 
45%. This difference in the rate of withdrawal was reflected in the course 
grades of those who topk the final exam. Of the 36 peonle in the lecture 
grout) who completed the final exam, .25 passed the course. In the PSI group, 
all but one of the people who took the final exam passed the course,. Since 
wfeaker students were more likely to- take the ^^inal ^xam if they were in the 
lecture group, their scores tended to lower the mean and increase the 
.standard deviation of final exam scores in the lecture group. Therefore, 
all statistical results should he interpreted with caution. ■ . 



Insert Tables 1 and 2 about here 



. ' . . c ■ ■ 

The data were analyzed using multiple regression procedures as outlined 
by Cronbach and Snow (3). .Scatterplots of the final exatn score with each 
aptitiide variable indicated th^t a linear model was appropriate. The 
aptitude vectors were entered -into the regression, equation first, followed 
by the treatment vector, and then the interaction vectors. If none of the 
interactions vectors contributed significantly to the proportion o^ the 
variance that was accounted for by the ^regression, then the interaction 
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vectors wgre dropped fron the modql and analysis of covariance was used to 
test for treatment effects. 

The aptitude variables to be included in the multiple regression analyses 
were chosen from amonj^ field independence, locus of control, «;eneral --ability , 
and sex. . Preliminary analyses of the data indicated that sex differences 
did not* make an important contribution to any of the regression analyses, 
so data on sex were eliminated from further consideration, 

" 5^ • . 

The most important dependent variable was final exam scores. In the 
first regression model, final exam scores were used as the dependent variable 
and field independence (HFT) and locus of control . (*1AQ) were used as aptitude 
variables. Data 'i^cre availab^le on 59 students for this model, and these two 
aptitudes accotinted for 22% of the variance. -Neither of the aptitudes pro- 
duced a significant interaction, but there was a significant treatment 
■effect, £(1,55) = r>.24, p = .016, favorinj^ the PSI group.' 

Table 3 presents the regression equations from this analysis for the 
two treatment groupsv Although^ there was no significant interaction, the 
differences between regression coefficients were substantial for the MAp 
test:. As predicted by the theory, students with a more internal locus of 
control (high *1 AO scores) tended to learn more in the PSI (ironp.' 



Insert Table 3 about here 



When course grade was used as the dependent variable, the regression, 
coefficients for HFT and MAQ were similar to those in Table 3. Again, there 
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were no significant interactions with these two aptitude measures. In addition, 
there was no significant difference between the treatments when course grade 
was .the dependent variable. ^ 

The xlata were analyzed further yith SAT scores added to the model along 
with HFT and MAQ scores. Since a number of students had never taken the SAT test 
complete data were obtained on only 34 students, and the model accounted for 35% 
of the variance in the fi^ exam scores. Therewere no significant interactions 
in this analysis, and'wi*.,. scores as one of the covariates, the difference 
between treatments was not significant, F^(l,29) .99, £ * .328. 

•Although there Was no significant interaction with SAT, students with 
low SAT scores .appeared to do slightly better in the PSI treatment. For 
example, when final ejcara scores were regressed on. SAT scores, the slope was 
.012 in the PSI^group and .042 in- the lecture group. This difference in 
slopes was not significant, as one would expect given the lack of power in 
this case. However,"" the difference is in the same direction as that obtained 
in' other studies (4,7,8). 

Frequently studies of PSI have used the quantitative portion of the SAT 
test, rather than total score, in their analyses. Making that change in 
this study produced essentially the same results as those obtained using 
SAT total scores. The correlation between SAT -Total and SAT-Quantitative 
for this study was .63. 

The data were also analyzed using rate of withdrawal as the dependent 
variable. There were no significant interactions between, any of the ^ 
aptitude variables and treatment for the rate of withdrawal. And oven • 
thougK. the rate of withdrawal appeared to be higher in PSI instruction, 
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analysis of • covariance (using SAT as the covariate) indicated that the 
difference between Jjeatments was not significant-, F(l,69) = .44, n = .5.09. 

Discussion 

The purpose of this study was to investigate the relationship of 
individual difference variables to PSI instruction in mathematics. The most 
important o/^^tire^ variables continues to be general ability. Although this 
study produced no l^ificant interactions with general" ability, the direction 
of the results was consistent with that of earlier studies (V,8,9). Students 
who were low\in general ability tended to do better if they were,in the PSI 
group, but the differences were not large. ^S' 
There was also some sunport in this study for the hypothesis that 
students with, a more internal locus of control tend to learn nore in PSI 
instruction. Although the interaction was not significant, further research 
on locus of control seems appropriate. ' 

There was no support from this study for the hypothesized interaction 
between field independence and PSI instruction. IVhen MFT was used as the- 
measure of field independence, therg was very little evidence of any inter- 
action. The differences in regression slopes that did occur tended to be . 
in the same direction as the expected interaction with general ability. The 
difficulties of separating field independence from general or fluid ability 
have been noted by Croribach and Snow (3), among others; these difficulties 
may have been related to the lack of an interaction effect with field in- 
dependence. Witkin and his colleagues are aware of the difficulties involved 
in separating the effects of field indqpendence from those o^ general ability 
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(16), and their continuing efforts in this area may heln to alleviate the 
problem. 

Although students in the PSI groun appeared to perform better on the 
final exam, this difference was not si^ificant when general ability, as 
measured by SAT scores, was used as a covariate. PSI studies frequently 
show higher achievement in the PSI group (5,10), but it is difficult to 
identify the source of this difference. At least part of the time it may 
be related to the hi^^her rate of withdrawal by low-ability students in the 
PSI treatment. 

Determining the overall effectiveness of PSI instruction in mathematics 
is an inportant goal of educational research. But it is also important to 
try to assess the impact of this type of instruction on individuals with 
different characteristics. Based on the results of this study and others, 
it appears that general ability and locus of control are important in 
assessing the effects of PSI, as opposed to lecture classes, in mathematics. 
The cognitive style of field independence, however, does not seem to be 
related to individual differences in achievement in PSI courses. 
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Table 1. - Standard Deviations and Number of Cases. for All Tests 
Maximum ' 
possible Standard 
Test - score Mean deviation 

16 



HFT 
PS I 

Lecture 

MAQ 

PS I 

Lecture 

SAT 

PSI 

Lecture 
Final exam 
PSI 

Lecture 



20 



1600 



100 



7.3 
S.3 

13. S 
12.4 

880 
833 

76.8 
67.4 



3.6 
3.S 

2.S 
3.0 

137 
145 

6.8 
12.2 



Number 
of cases 

55 
66 

55 
65 

31 
41 ' 

24 
36 
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Table 2. - Correlation Matrix for All Tests 



Correlation 

Test 1 2 3 4 

1- HFT 1.00 .17 .19 .32 

2. 'lAQ 1.00 .05 .20 

3. SAT 1.00 .50 

4. Final exam 1,00 



APPENDIX F 

Locus of Control and Mathematics Instruction: 
Three Fxnloratorv Studies 

OjufTlas B. McLeod* and Vema M. Adans 
5>an Pieqo State Itniversity 



Running head: Locus' of C()ntrol 

This report Js based upon work supported by the National . 
Science Foundation imdqr Grant No. SED 77-18531. .^ny opinions, 
fxVidi'i,, ■ , and conclusions expressed in this report are those of 
the authors and do not necessarily reflect the views of the 
National Science Foundation. 



*nenartJnent of Mathematical Sciences 
San Diej»o State University 
San Diego, CA. 92182 



130 



Locus of Control 
1 



Ahstrnct 



The relationshin between locus of control and three dimensions of discovery 
leaminR was investigated in a .series of studies. Mathematics students were 
randomly assi.^ed to treatments that differed in level of guidance, inductive 
or deductive sequencinp. or use of small proups. A significant aptitude- • 
treatment interaction occurred between locus of control and small-group 
instruction on the topic of networks. The other studies did not produce 
significant interactions, although varying the level of guidance did produce 
a trend in the predicted direction. Using inductive or deductive sequences 
of instruction did not appear to interact with locus of control. 
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I^cus of Control and Mathemntics Instruction: 
Three Exploratory Studies 

The importance of individual differences in the learning of mathematics 
is widely recopnized, and in recent years student personality characteristics 
as Well as cognitive aptitudes, have begun to play a prominent role in re- 
search on learning. ^ The sea^rch for interactions between student character- 
istics (aptitudes) and irjstructional strategies (treatments), which concen- 
trated originally on cognitive measures, has now broadened its scone to in- 
clude more research on personality dimensions. This change in emphasis is 
reflected in recent reviews of aptitude-treatment-interaction (ATI) research 
(Cronbach § Snow, 1977; Snow, 1977). 

One personality dimension that has recently received some attention in 
ATI research is Rotter's Ipcus-of-control variable (Rotter, 1966). According 
to Rotter's theory, individuals with an internal locus of control perceive 
the outcomes of their actions as being due to their own behavior; those who 
are classified as external, however, tend to attribute the consequences of 
their actions to chance or to fate, fix individual's locus of control, then, 
is a measure of belief about whether one's rewards and successes (or punish- 
ments and failures) can be attributed to internal or external causes. For 

a more general description of locus of control in the context of attribution 

I ■ . 

theory, see Bar-Tal (1978). Recent research on locus of control has been 

reviewed by Lefcourt (1976). — 

Most ATI studies using locus of control have focused on the relation- 
ship of this personality dimension to the organization of instruction. 
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Daniels and Stevens (1976), for example, found nn Intornfitibn between locus 
of control and tTontments thnt differed in whether or not they used 
student-teacher contracts as a means of ornanizinR instruction. In another 
study, there was an interaction between locus of control and instruction 
in computer programminR where treatments varied in the level of structure 
provided to the students (Parent, Forward, Conter, 5 Mohling, 1975). Robin 
(1976) discusses several studies where locus of control appeared to interact 
with "behavioral instruction" (such as Keller's ^Personalized System of 
Instruction) as opposed to. more traditional lecture-discussion classes. 
All of these interactions were in the directiv'>n predicted by the theory; 
students with an internal locus of control tended to learn more in the 
treatment that gave them more responsibility for their own learning, but 
students with an external locus of control seemed to do better in a more 
traditional class where the teacher took responsibility for student learning. 

The purpose of the three present studies was to extend these earlier 
results on the organization of instruction to treatments that differed in 
various dimensions of discovery learning in mathematics. The dimensions in- 
cluded level of guidance of instruction; use of inductive, as opposed to 
deductive, sequences of instruction; and the use of small groups, rather 
than individual work. Treatments using a low level of guidance, inductive 
sequences, or small groups were designed to encourage student discovery. 
The conjecture was that* students with an internal locus of control would 
do best in treatments th^t required that they discover concepts indeoen- 
dently, and students with an external orientation would learn most, in an 
expository setting. 
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Method 



Throo ATI studios woro conducted to sefirch for intornctions between locus 
of control and three different dimensions of discovery leaminR. The design 
of ench study wns the same. Students were assessed on a measure of locus 
of control and randomly assifyned to one of two treatment groups. After 
instruction, students were tested for immediate achievement and then for 
retention several weeks later. After the studies were completed, SAT scores 
were obtained from university records and used as a measure of general 
ability. 

Students who participated in the three studies were enrolled in mathe- 
matics classes for prospective elementary school teachers. In each study 
about 90'o of the students were female. Students were dropped from a study 
if they missed one or more days of instruction ; the distribution of absences 
appeared to be random and not related to the differences in the instructional 
treatments. Also, many students did not have SAT scores in their student 
record file, so they were dropped from analyses that used the SAT as a measure 
of general ability. 

Locus of control was assessed using the Mathematics Achievement Question- 
naire (MAQ) , an instrument based on an earlier measure of locus of control 
that was developed by Crandall, Katkovsky, and Crandall (1965). Lefcourt 
(1976) and Rotter (1975) have noted that many measures of locus of control 
are too general to be of use in classroom research on the learning of a 
particular discipline such as mathematics. Instead of uslnj? a general 
measure of locus of control, they suggest that more narrow and specific 
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mensuros of locus of control nre neodnd for apecihi aituHtlonn. FoliowinR 
this flURRostjion, the MAQ w'ns developed to naaess locus of control in the 
specific environment of the nmthomntics clnssroom, 

The MAQ used 20 items to ask students about their views of mathematics, 
problem solvinR, their mathematics teachers, and their follovv mathematics 
students. Students responded to each- item by chooslnR one of two alternative 
that represented either an internal or an external point of view. Scores 
from all of the studies ranged from ^ to 19, where a hi^h score represented 
an internal orientation; the overall mean was 12. The KR-20 reliability co- 
efficients for the MAQ were in the ronRe of .5 to .6'for the three studies; 
although these figures are not high, they compare favorably with the relia- 
bility estimates for other measures of locus of control (Rotter, 1966). 

.Reliability coefficients were also obtained for the posttests and re- 
tention tests. Jhese coefficients ranged from .6 to .8 in the three experi- 
ments, and were judged to be satisfactory in each case. 

Experiment 1 

Students in each of five classes were randomly assi^gned to two instruc- 
tional treatments on networks. Two instructors were randomly assigned to 
treatments for each class. Each treatment discussed the same topics, includ- 
ing equivalence of networks, traversability and. its applications, Euler's - , 
formula, and related concepts. The treatments differed in the level of 
guidance provided to the students. In the high-guidance treatment, much of 
the work was done for ^Ke: students; ,they only had to read the material, - 
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finlfih fiUlnR In noma of tht^ tnbltJS, and drmv somes fairly obvloiiH conclusions 
In the lowRuldanco troritmont, howover, students wero Rivan prohlemH to 5olv« 
with- very little direction from the nmtorials or the teacher. In thin treat- 
ment, students wore expected to Rather relevant data, orpanize it, and test 
hypotheses about networks, When students asked the teacher for answers, the 
teacher told them to look for patterns in the data that would help them dls- 
cover the answers independently. 

In each treatment^ materials were collected at the end of each class period 

( 

checked, and then returned to the students at the be^inninR of the next class 

♦ 

period. A total of 150 minutes (one week) of class time was used for the 
treatments and a 15-minute posttest. After the Posttest was completed, net^ 
works were not discussed in class until after the retention t^st was 
administered four weeks later. 
Result s 

Descriptive statistics for the measures of student achievement are in- 
cluded in Table 1. As indicated in the table, students Who received a 
higher level of guidance performed better on both the posttest and the re- 
tention test. 

Insert Table 1 about here 

The data were analyzed using multiple regression techniques (Cronbach 
Q Snow, 1977). Scattemlots were inspected to insure that a linear model 
was appropriate. The analysis was done separately for each of the dependent 
Variables, the jposttest and thfi retention test. The independent variables 
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In the regression included general ability and locus of control as aptitudes, 
the treatment, and the interactioh of each aptitude with treatment. The 
.aptitudes and the -treatment were entered into the regression first; then 
each of the interaction vectors was tested to see if it contributed si^i- 
f.icantly (at vhe .05 level) to the regression. If neither interaction vector 
was significant, both were dropped from the regression, and the treatment 
vector was tested to see if it made a si.gnificant contribution beyond that 
of the two aptitude, variables^ 

Table 2 presents the" regression equations for each dependent variable. 
As predicted by the theory.,- the regression coefficients for the MAQ scores 
were greater in the .low-guidance treatment. However there was no significant 
interaction with either the MAQ or SAT scores. 



Insert Table 2 about here 



Since neither interaction vector was significai^t . the data were analyzed 
further to test for treatment effects. There were significant differences 
in favor of the high-guidance treatment on both the nosttest, F(l,25) - 13.0, 
E. < .002, and the retention test, F(l,25) - 13.2, ^< .002. 



Experiment 2 



Students in each of three classes were randomly assigned to two instruc- 
tional treatments on measurement and approximate data. The treatments in- 
cluded such topics as precision of rae as urement , significant digits, and their 
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effect on calculations with approximate data. Although both treatments 
covered the same tonics, the topics were presented differently. In the 
inductive treatment, students were Riven a number of examples to work, and 
then encouraged to generate a rule that was suggested by the examples. These 
students had access to calculators to help them work enough exarr^nles so that 
they could discover a pattern. In the deductive treatment, students were 
given the rules first, and then asked to apply the rules to some simple 
problems. These problems were constructed so that a calculator was not 
necessary for these students. In both treatments* the teacher was available 
to help students who were having difficulty. 

Students were given 75 minutes to work on the materials. Two days later 
the post test was administered, and four weeks later students were tested again 
for retention. 
Res ults 

Descriptive data on the achievement measures are found in Table 1, and 
the regression equations are in Table 2. The data from Experiment 2 were 
analyzed using the same multiple regression procedures as in Experiment. 1. 
There was no significant interaction .between either SAT or MAQ scores and 
the inductive-deductive treatment dimension, and in this study there was no 
consistent pattern in the regression coefficients. Since there was no inter- 
action effect, the data were checked for treatment differences. The differ- 
ence in favor of the deductive group was significant on the posttest, 
£(1,27) « 5.47, .027, but not on the retention test, F(l,24) « 1.61, 
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Experiment 3 

Students from five classes were randomly assigned to two instructional 
treatments on the topic of networks. The two instructors were randomly 
assigned to treatments for each class. In this experiment, the twp treat- 
ment groups used exactly the sane printed materiajsf The only difference, 
was that students worked in small groups" in one treatment; in the pther, 
students worked individually. 

The printed materials were written in an inductive node, where students 
were encouraged to generalize a rule from a number of examples. In small- 
group instruction, students were asked to work together in groups of four as 
they discovered solutions to the problems. Students were told to ^wk the 
teacher for heilp-if the group could not solve the problems^ In the individual 
treatment, students were told to work by themselves and hi direct their 
questions to the\e^ch€T; the teacher then helped students solve the problems. 
S«\idents iri the small groups asked the teachers very few questions. Students 
in the individual treatment, however, asked many questions and received con- 
siderable help from the teachers. 

One week of class time was used for the treatments and a IS-rainute 
posttest. Most students did not complete all of the treatment materials in 
this amount of time. The retention test was administered eight weeks later. 
Results _ 

Tables 1 and 2 include the descriptive data for Experiment 3. The same 
multiple regression procedures were. used in this experiment as. in the other 
two, ' 

There was no interaction on the posttest in Experiment 3, but on the 

♦ *" • » 
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retention test there was a significant interaction between locus of control 
and treatment. F(l .49) - 4.73. - .034. This interaction was disordinal 
and in the predicted direction; students with an internal locus of control 
were better off in small-group instruction, and students with an external 
locus of control learned more in individual instruction where they received 
help from the teacher. The interaction between general ability and treat- 
ment was not significant, but the joint contribution of the two interaction 
.vectors was significant. F(2.48) - 3.20. = .050. 

Since the direction of the interaction was the same for both SAT and MAQ 
scores, it is possible that the interaction could be due to only one trait 
that is measured by both. tests. However, this interpretation seems unlikely. 
Measures of locus of control are not highly correlated with general ability 
(Rotter. 1975); in this study, for example, the correlation of ?1AQ and SAT 
scores was .07. Therefore, it seems appropriate to attribute the interaction 
with 'tAQ scores to locus o^ control and not to general ability. 

Regions of significance for the interaction were calculated using con- 
fidence intervals, as recommended bv Cronbach and Snow (1977). When the 
^lAQ scores were li^sed as the only predictor, the confidence intervals for 
the two regressioh lines did not overlap for scores of 13 or more. About 
50% of the student-s were in this region of significan^ce. Using the Johnson- 
Neyman technique (B^rich, Godbout, 6 Wunderlich, 1976) resulted in the same, 
region (for a significance level of ,10). 

When both MAQ and SAT scores were used as predictors, the confidence 
intervals for the regression planes did not overlap in two regions. These 
regions of significance included students with high scores on both tests 
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(13 or more on f!AQ and 900 or more on SAT) and low scores on both tests (8 
or less on ^UQ and 700 or less on SAT) . About 40% of the students wt^re in 
these two regions, almost all of them in the region with high scores. 

discussion 

In three ATI studies using locus of control as an aptitude variable, there 
was a significant interaction with discovery instruction only in the case where 
treatments differed in the use of small-group instruction as opposed to 
individual work. When treatments differed in level of guidance, the 
difference in regression slopes was in the predicted direction, but the 
interaction was not significant; this lack of significance could be due to 
the lack of power, since a sample size of 100 subjects per treatment is de- 
sirable in ATI research (Cronbach 5 SnoW, 1977). IVhen treatments differed 
in the use of an inductive or deductive approach to mathematics, there was 
no consistent pattern of differences in the regression slopes. Therefore, one 
dimension of discovery instruction that appears promising for ATI research 
with locus of control is the use of small groups; further work on the relation- 
ship of level of guidance to locus of control may also be profitable. 

Research on the effectiveness of small groups is very difficult to analyze. 
It is hard to ascertain the effects of the dynamics of each separate small 
group, and to distinguish them from the effects of the treatment as a whole 
(Webb, Note 1). Moreover, the statistical questions that are involved in 
determining the effects of small groups raise .problems that are not easy to 
resolve using the ATI model (Cronbach, 1976). Nevertheless, research on ^ 

small groups is important and small-group instruction does appear to interact 

* 
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with locus of control. Further research on locus of control and various di- 
mensions of discovery instruction in pwithematics seems appropriate. 
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Table 1 

Means and Standard Deviations for Posttests and Retention Tests 

Standard . Number 
Treatment Range Mean deviation of cases 

Experiment 1 . . 



Posttest 



Retention 



Posttest 



- / 
I 



Re^tention 

A 



Posttest 



Retention 



Low guidance 


3-13 


7.8 


2.5 


14 


Hi aiii danc** 


•f — lo 


118 


3.2 


15 


Low i^i dance 


1-12 


5.6 


2.7 


14 


Mish guidance 


4-15 


9.9 


3.1 


15 




Experinent 2 








Inductive 


2-12 


6.2 


2.6 


17\ 


Deductive 


3-15 , 


7.9 


3.1 


" 14 \ 


Inductive 


2-7 


4.8 


1.5 


16 j 


Deductive 


2-9 


5.7 


2.7 


12 i 

^ i 




Experiment 3 






i 

f 

«[ 


Small groups 


6-16 


9.7 


3.1 


33 


Individual 


6-14 


.9.5 


2.8 


34 


Small groups* 


2-14 


7.3 


3.3 


26 


Individual 


0-12 


. 6.5 


3.0 


i 
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Table 2 





Regression of Posttests and 


Retention Tests 




i 


on General 


Ability and Locus of Control 










Regression 


coeffi 


Test , 


Treatment' 


Intercept 
Experiment 1 


SAT 


MAQ 


Posttest \ 


Low guidance 


-1.1 


.007 


.24 




: ■ Rui dance 


8.8 


.004 


-.07 


Retention \ 


Low guidance 


-3.0 


.009 


' .04 




High guidance 


9.3" 


.004 


-.30 


\ 




Experiment 2 






Posttest 


Inductive ' 


-1.0 


.014 


-.45 




Deductive 


3.7 


.008 


r.20 


Retention 


Inductive 


1.6 


.004 


- .02 




Deductive 


2.7 

Experiment 3 


.005 


-.12 


Posttest 


Smal 1 groups 


2.5 


.008 


.01 




Individual " 


6.6 


.004 


-.04 


Retention 


Small groups 


-2.1 


.009 


.12 




Individual 


9.4 


i 

.003 


-.43 
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Recent Research on ' Antitude-Treatment Interactions 

Much of the research on instruction in mthematics has tried to nrovo that 
one kind of instruction is sunerior to another for all studc^nts. Sucfr re- 
search crenerally has not been ver>' conclusive. An alternative hvnothosis 
would sui;p:est that different students would do best^ in different tvr»es of 
instruction, denendinf» on each student's characteristics. The nroblen pf 
inatchintT instructional treatments with student characteristics so as to 
maximise learniijir has come to be called the Aptitude-Treatment -Interaction 
(ATI) hypothesis. For a samnle j^ranh of an ATI,' see Fitrure 1. As the figure 
indicates, a student wi^h a hij^h antitude score seems to learn more in treat- 
r.ont 2, while low-aptitude students do better in treatment 1 . 



Treatment 2 



O 

u 



c 

£ 
> 

-r: 
< 



Treatment 1 



. ' Antitude Score . 

Figure 1 . An oxamnle of retrressinn lines that 

show an Antitude-Treatment Interaction 
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ATI research, nenerallv viewed as an outqtowth of the work of Cronhach 
(1357), has tqmed out to he somewhat more difficult than was first 
anticinat^d..^ Nevertheless, Cronhach and Snow (1P77) . in their comprehensive 
review of the field, confirm the existence nf ATI in a varietv of scttin!.s. .. 
and conclude that "ATI has cone of a^c" (n. 524). 

Since r?-oriHach and' Snow completed their review, a numher o'^ new \TI 
studies have appeared dn the mathematsics education literature. The .purpose 
of this paper will.j5e ;to review the theoretical background of ATI research, 
to discuss the results o^ recent studies, and to provide a critique of current 
tesearch in the area. " ', 

Thebreti cg l Back (ground • 

Originally, many Researchers in jnathenatics education used Guilford's -. 
ideas about aptitudes in their 'search for ATI. iffe weaknesses of this .approach 
■ have been- described hy^CronWch and Snow (1P77) . who prefer a more hierarchical 
model based mainlv on the^.work of Cattel 1 (1971). 

Briefly, CattelL's theory ds based on a factor analvtic model of himan 
abilities'. One 'can think of Cattell 's model as a pvramid, with general 
ability. at the top. At the next level below general abilttv, there are a 
number of other generar 'factors. The first of these is fluid intelliRence, a 
factor which • loads mainly on Sft.yerat perceptual , culture-fair tests. Another 

crystallised intelligence, which is represented by tests of verbal and. 
numerical ^abilrty that are similar to school .achievement measures. Other 
Renernl factors, such as speed and Spatial visualisation, are also found at , 
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this level. Ntere specific nrinary factors, such as flexibility of 
closure and seneral reasoninR, are found at the next lower level. 'A-hi le 
these specific, primary factors continue to play a role in ATI research, 
Snow's recent work tentls'to put more emphasis on Cattell 's. more Reneral 
concepts of fUiid and crystallized in tell iRence (Snow, in77b. Note 1). 

Althou?!h Catteir's approach has much to recommend it, there has been . 
considerable difficulty in separating out the effects of the various specific, 
primary factors from ceneral ability (Hlaser, 1^72). In response to this 
PToblcn. riaser called. for further studv the "new aptitudes" derived frow 
infornation procossint' approaches to Icaminc and from investigations of co- 
pnitive style and nersonalitv characteristics. 

Several-' researchers have bep.un to anply concepts frnn infnrr.atinn Prncrs.sin 
theory to the nrohlems of ATlVesearch. Carroll (1976) has gone back to the 
1963 French kit to reanalyze thos,e tests in terms of the cognitive processes 
which they require. Also, Snow (1977a) has given examples of how an informa- 
tion processing approach can be used to generate promising ATI hypotheses. 
Itfhile these ideas are not yet well formulated or widely used, infornation 
processing theory provides a promising new approach to ATI research. 

r.laser's second ^suggestion for "new aptitudes", cognitive styles and 
personality characteristics, has also beent an active research area. .Witkin's 
cognitive style variable, field .independence , has received considerable 
_^itt^ntion pvitkin, 'fcdre, roodenough, f, Cox, 1977; Witkin f, Coodenough, 
,Note 2).'^ According to Witkin's theory, field-independent students should do 
well when thev are allowed to discover concepts with little guidance, while 



field-dependent students will be better off in a more expository treatment. 
A number of recent studies have. also investigated the personality variables 
of anxiety and achievement motivation (Snow, 1977b), and Rotter's locus-of- 
control variable (Rotter, 1975) has played a role in several ATI studies 
(Robin, 1976). - ' 

Recent Results ^ - 

' Since the appearance, of Cronbach and Snov7»s*book, a number of interactions 
with traditional aptitudes have been identified. Continuing an earlier series 
of studies, Eastman and Salhab (1978> reported another .MI between general 
reasoning and treatments that differed in the use of algebraic or geometric 
aporpaches to absolute value concents . Eastnan and Behr (1977), however', did 
not find an interaction with ijeneral reasoning in^a similar study using con- 
cepts from logic. But when the treatment dimension was changed to inductive 
as opposed to deductive instruction^ two studies again found an interaction 
with general reasoning (McLeod 5 Adams, Note 3; McLeod G Briggs, Note 4). . 
The source of these interactions with general reasoning is not clear, but it 
may come from either general ability or crystallized intelligence instead of 
from general reasoning. Other ^studies have also reported ATI^ with measures" 
of general ability or crystallized intelligence, sometimes when the treatments 
differed in use of discovery approaches (Adams fi f!cLeod, Note S) or in use 
of Personalized Systems of Instruction (Pascarella, ,1978). 

Several other studies have renorted interactions with the "new aptitudes** 
that niaser referred to. In two studies, there was an interaction between 
the cognitive style of field independence and the level of guidance provided 

. 15;? 
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in a discovery approach to mathematics (HcLeod, Carpenter, McComack , 0 
Skvarcius, 1978; McLeod f, Adams, in press). In addition, Horak and Zwenq 
(Note 6) found evidence of an interaction between field independence and treat- 
ments that apparently differed in student interaction patterns. Flpwever, in a 
later study designed to find an interac'tion between field dependence and 
small-group instructipn, the pattern of ATI results was unstable and appeared* 
to be due more' to general .abi lity than to cognitive style (McLeod 5 Adams, 
Note 7). In other studies, field independence did not appear to interact 
strongly with the inductive-deductive dimension of discovery learning (I^lcLeod 
5 Briggs, Note 4; Threadgill. Note 8). 

Interactions between locus of control and the organization of instruction 
have occurred in several studies (Robin ,. 1976) , and thq interactions have 
been in the direction predicted by Rotter's theory. Students with an internal 
locus of control seemed to do better in a treatment where they had more res- 
ponsibility for their own learning, but students with an external locus of - 
control tended to learn more in a traditional class where the teacher took 
responsibility for student progress. Similar results have now been obtained 

in a study using college mathematics students, where there was an interaction 

\. ' ^ . ■ ' . ■ 

between locus of control and small-group instruction (McLeod P, Adams , Note 9) . 

In summary, therelhas been considerable success in identifying interactions 

with general reasoning, field independence, and locus of control. Sometimes, 

however, replication's have been difficult to obtain. ATI studies using 

field independence, for example^^ seem to be less successful when the topic 

of instruction is gebmetric in nature (^^cLeod & Adams, Note 7). 

, . ' . , 153 ' ~ . ■ ■ 
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Analysis and Critique 

In their review of individual differences and the learning of mathematics, 
Fennema and Behr (in press) provide a thorough critique of ATI research and 
especially of the '*new aptitudes" referred to by Hlaser (1972). Fennema and 
Behr take a rather positive view of ^he imnact of information-processing 
theory on ATI research, although/Cronbach and Snow (1977) say that these 
"new aptitudes" are likely to look more "traditional" by the time they are 
applied in ATI research. 

Research on personality characteristics is also viewed positively by 
Fennema and Behr. However, the use of cognitive style as a new aptitude 
variable receives substantial criticism, both from Fennema and Behr and from 
Cronbach anci §now. Field independence is criticized particularly because of 
the instruments used to measure it (Horn, 1976; Vernon, 1972). Recent work 
by Witkin fi f^oodenough (Note 2) that relates field independence to Cattell's 
work may help resolve some of these problems of measurement and interpretation 

Measurement problems have also caused difficulty for ATI studies using 
locus of control as an aptitude variable. Rotter (1975) has noted that many 
measures of locus of control are too general to be of use in classroom re- 
search; as a result, it is necessary to develop new instruments that are 
designed to assess locus of control in a specific environment, such as the 
mathematics classroom. 

In summary, ATI research is difficult to conduct, but recent studies show 
great promise. Cronbach and Snow (1977) have discussed in detail the many 
ways in which ATI research can be improved, and studies conducted since 
their review show evidence that important progress is being made in the area. 
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A number of interactions with the aptitudes of general reasoninR, field 
independence, and locus of control are of particular interest to the field 
of mathematics education. Further research should help to clarify the 
nature and source of these interactions. 
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